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Metals leeoaes andl Thebes 


> THERE ARE MANY metals about which we know only the names their dis- 
coverers bestowed upon them and the laboratory experiments which induced 
those discoverers to believe they had found a new substance never identified 
before. To the original seven metals, linked in primitive fancy with the seven 
heavenly bodies, modern metallurgy has added only a few which rank with 
the ancient ones in everyday use. 

With the sun’s gold and the moon’s silver, platinum is the chief new noble 
metal. Copper, once Venus’ mirror and most ancient of the tool metals, has 
been joined by nearly as ancient zinc, once its partner merely in brass-making, 
for the new uses of electricity. Tin, bright and shining as the planet Jupiter, 
finds its modern counterpart in chromium for beautiful and corrosion-resistant 
plating. Lead, the dull and heavy associate of mysterious Saturn, turns out to 
be the goal of still more mysterious radioactive transformations. It brings to 
mind uranium, latest treasure of prospectors in “them thar hills.” 

Lively mercury has no modern counterpart unless it be gallium, still in the 
laboratory stage but apparently liquid to very high temperatures. Iron, metal 
of Mars, has been supplemented lately by aluminum in both its capacities, as 
a tool metal and for structural use. Now comes titanium into the same fields, 
intermediate between the two in weight and possessing some of the advantages 
of each. 


With each improvement of metallurgical technique the way is opened to 
utilization of more of the unfamiliar metals. Smelting them in an atmosphere 
of inert gas is a trick recently developed. Thus protected at high temperatures, 
titanium like aluminum acquires an oxide coating at ordinary temperatures 
that keeps out further corrosion. Thus even a highly reactive metal can be- 
come. useful. It may be that other new metals will prove to have this impor- 
tant property. If not, alloys of them may form stable and useful combinations. 
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> Corrosion and flame tests alike find titanium affected less than other struc- 


tural metals. 


Titanium 


by Heten M. Davis 


> Srrenctu of special steel, lightness 
comparable to aluminum alloys and 
corrosion resistance putting it in the 
“stainless” class make titanium the 
current sensation among metallurgists. 
More than two hundred of them, 
representing a variety of research in- 
stitutions, met in Washington on De- 
cember 16 for a symposium on Titan- 
ium, sponsored by the Office of Naval 


Research. 


Strength for structural members, 
lightness for airplane construction, 
corrosion resistance against sea water 
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are the Navy’s practical interests, but, 
in line with its program of sponsoring 
pure research, much of the discussion 
at the symposium dealt with the 
more fundamental problems connect- 
ed with the little-known metal. 


Titanium is found rather widely 
distributed in the United States as 
well as in other parts of the world. 
(Yes, the Russians have some, too). 
One of its ores, rutile, is the dioxide. 
It occurs in red or brownish prisms, 
square in section with pointel ends, 
opaque like porcelain, or occasionally 
translucent and glassy. In other ores 
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titanium has joined with oxygen to 
form the “acid” part of the compound, 
while calcium, magnesium and/or 
iron play the part of the base. The 
metal never occurs uncombined. The 
metallurgist’s problem is how to get 
it out of its ores without contaminat- 
ing it with the oxygen or nitrogen of 
the air, for it combines avidly with 
either. 

Two methods for obtaining the 
metal have been worked out to the 
satisfaction of the scientists who are 
still trying to learn exactly what kind 
of a metal titanium is. There are 
other methods theoretically possible, 
but the metal they furnish is too 
brittle. 


Pure titanium is believed to be 
ductile. The brittleness is due to the 
gases it absorbs so readily. The best 


method for getting pure, ductile titan- 
ium seems to be the Van Arke!-De 
Boer process, in which titanium is 
first converted into the iodide. The 
iodide is then heated on a tungsten 
wire filament. Metallic titanium ap- 
pears on the hot wire and iodine is 
set free as a gas. Obviously, this is not 
done in ton lots. However, this “iodide 
titanium” is satisfactorily ductile and 
furnishes a goal by which users of 
other processes can measure their suc- 
cess. 

Large-scale production of titanium 
is represented by the U.S. Bureau of 
Mines pilot plant at PRoulder City, 
Nevada, with its capacity for produc- 
ing 100 lb. of the metal per day. It 
uses a process developed by the 
Bureau’s Dr. W. J. Kroll. 

In the Kroll process, titanium tetra- 
chloride reacts with molten magnes- 


ium in an inert atmosphere, such as | 
helium or argon. The heat of the re- 
action itself furnishes a considerable 
part of the energy required. After 
final heating and cooling, metallic 
titanium is bored out of the refrac- 
tory pot in which it has been formed. 
It is separated from the accompanying 
magnesium chloride by leaching with 
hydrochloric acid and washing with 
water, The metal chips are then 
ground to powder. After this stage, 
the metallic powder can be handled 
by well-established techniques which 
eventually get it into the standard 
forms of bar and sheet metal. At the 
present time, titanium cannot be cast 
satisfactorily. 


One of the livest problems in titan- 
ium metallurgy is what material to 
use to make the refractory pot. When 
the melting of this extraordinary 
metal is attempted, the problem be 
comes acute. It is like the alchemist’s 
problem of what to keep the universal 
solvent in. 


Some processes use graphite or other 
carbon to make or line the crucibles 
in which the melting of titanium is 
attempted. However, there is som 
degree of combination between titan 
ium and carbon, and for purposes of 
research it would be desirable to study 
the metal carbon-free. 


All the likely refractories have been 
studied for this purpose. Most of them 
react with titanium at its melting 
point. Calcium oxide, traditiona! 
source of “lime light,” goes so far a 
to evolve dangerous quantities of cal 
cium vapor when it is tried, Of al 
the earthy oxides, that of thoriun 
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> Ar rue Trrantum Conference, ]. ]. Harwood (center), Office of Naval Re- 
search, discusses problems concerning the new metal with |. B. Sutton (left), 
Pigments Department, FE. 1. Dupont de Nemours and Co., and H. C. Cross 


(right), Batelle Memortal Institute. 


seems the most satisfactory. Yet even 
with it there is some contamination. 
Arc furnaces have been devised to 
melt and cast titanium in one-pound 
batches. 


Alloys of titanium with other metals 
are naturally the object of extensive 
experiment. The new metal promises 


to contribute to industry its share of 
intermetallic 
pounds with special properties. 

Other groups of researchers report- 
ed to the symposium on attempts to 
map the whole region of titanium- 
nitrogen and titanium-<arbon com- 
pounds by phase diagrams. 


made-to-order com- 
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> Rops, strips and shapes in which 
metallic titanium has been produced. 
This exhibit was shown by the Rem- 
ington Arms Co. at the Naval Re- 
search Titanium Conference. 
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Titanium—A Modern Metal 


by Juius J. Harwoop 


Metallurgist, Mechanics and Materials Branch, 
Physical Sciences Division, Office of Naval Research. 


> Tue pesiraBve characteristics of a 
metal or alloy which would be im- 
portant for its general introduction 
into the class of useful structural’ ma- 
terials are availability, producibility, 
light weight, high strength, corrosion, 
and thermal resistance. These, of 
course, are supplemented by the 
specific requirements incident to a 
particular application. Availability and 
producibility include not only the ex- 
istence of satisfactory amounts of raw 
deposits, but also the capability of 
being extracted and isolated from its 
ores and processed satisfactorily into 
a useful form. In the light of current 
strategic metals considerations, this 
characteristic is achieving a preemi- 
nent position in dictating the choice 
of materials. Although a given metal 
may satisfactorily fulfill a set of speci- 
fied requirements, compromises must 
often be made in the selection of the 
actual material to insure a continuous 
supply necessary for high production 
needs. 

What are the characteristics of 
titanium that warrant the extensive 
interest currently being directed to- 
ward its exploitation, development 
and research? The ores of titanium 
are plentiful. The metal has a density 
of 4.5, midway between that of iron 
and aluminum and even in this early 
developmental stage it has a strength- 
weight ratio approaching that of our 
high-strength steels. Its corrosion re- 
sistance is comparable to that of stain- 
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less steel, and its high melting point 
directs attention to the study of its 
high temperature properties. Certain 
of its other properties lend themselves 
to many special purpose applications. 
It may be stated that of all the metal 
systems that have yet been commer- 
cially exploited, titanium and its alloys 
bid fair to fulfill, most nearly, the re- 
quirements for an “all-purpose” metal. 
Little is yet known about the unex- 
plored field of titanium alloys, but it 
seems almost certain that as research 
and development pfogress, present 
potentialities will be transformed into 
actual realities. 

The following discussion will de- 
scribe in more detail the occurrence, 
manufacture and properties of titan- 
ium and its alloys and the research 
programs currently underway in the 
Navy and other government agencies 
aimed at furthering the understand- 
ing and development of this interest- 
ing metal. 


Availability of Titanium 
Titanium is the ninth most abun- 
dant element and has been estimated 
to comprise about 0.65% of the earth’s 
crust. Of more practical significance 
is the fact that it is the fourth most 
abundant structural metal, being ex- 
ceeded only by aluminum, iron, and 
magnesium. The two most important 
sources of titanium are rutile (titan- 
ium dioxide) and ilmenite, a ferroti- 
tanate (FeTiO;). Ilmenite is quite 
plentiful domestically, with large re 
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serves present in the Adirondack re- 
gion of New York, in Wyoming, 
Virginia, and Arkansas and in the 
beach sands of the Florida East Coast. 
The beach sands of Travencore, India, 
are also rich in ilmenite and prior to 
World War II provided the major 
source of the ore for import by the 
United States. Rutile, while not as 
plentiful as ilmenite, is present in sub- 
stantial deposits in Virginia. There 
are also great quantities of titaniferous 
magnetite sands in Japan and titan- 
ium ore deposits in the U.S.9.R. Ex- 
tensive deposits of ferro-titanium have 
recently been discovered in Canada. 
Thus, it is obvious that the “rare” 
classification of titanium is not due 
to the scarcity of its ores but to the 
difficulties and cost of producing it 
in a pure state. The results of early 
workers indicated that the titanium 
metal was extremely brittle, which 
discouraged its exploitation as a struc- 
tural metal. Titanium is, nevertheless, 
not a stranger in the field of metal- 
lurgy, having a wide application as an 
alloying element in steels and in the 
production of titanium carbide, a 
major constituent of cutting tools. The 
very properties which are so deleter- 
ous to the production of pure ductile 
titanium make it useful to the elec- 
tronics industry. The high reactivity 
ind absorption by titanium of gases, 
such as hydrogen, oxygen, and nitro- 
gen, result in its extensive use as a 
‘getter” for vacuum tube production, 
although it badly embrittles the metal 


itself. Titanium oxide occupies an im- 
portant position in the paint and pig- 
ment industry. 
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Preparation of Ductile Titanium 
As early as 1797, isolation of the 
metal was attempted by Klaproth who 
bestowed the name, “titanium,” but it 
was not until 1825 that Berzelius first 
isolated metallic titanium by the re- 
duction of potassium fluotitanate 
(K2TiF,) with potassium. Since then 
numerous investigators have devised 
several other methods for the prepa- 
ration of metallic titanium, all of 
which fall within the following gen- 
eral classifications: (1) the reduction 
of titanium tetrachloride with an ac- 
tive metallic element; (2) the ther- 
mal dissociation of titanium halides; 
(3) the reduction of titanium oxide 
with reducing agents or metallic ele- 
ments; (4) the electro-deposition of 
titanium from fused salts. The first 
and second methods have been most 
successful and are at present under 
commercial development. 

Metallic titanium was prepared by 
Hunter who reduced titanium tetra- 
chloride with sodium in an iron bomb 
to form practically pure titanium (99.7 
to 99.9%). This process was later 
modified by Kroll, who substituted 
molten magnesium for sodium, and 
thereby simplified the operating pro- 
cedure by eliminating the necessity for 
the high pressures involved with the 
Hunter process. The Bureau of Mines, 
Department of the Interior, adapted 
the Kroll process for large-scale opera- 
tions, and at the present time is oper- 
ating a pilot plant at Boulder City, 
Nevada, capable of producing 100 lbs. 
of titanium powder per day. Consid- 
eration is being given to the expan- 
sion of the plant capacity to permit 
the production of a ton of powder per 
day. 





The Bureau of Mines’ reduction 
process is carried out in an iron pot 
12 in. in diameter and 14 in. high. 
After reducing any oxides which may 
be present on the interior surfaces, the 
pot is charged with about 20 lbs. of 
magnesium. Melting of the magne- 
sium occurs at about 750°C under a 
helium atmosphere. The liquid titan- 
ium tetrachloride is introduced and al- 
lowed to drip on the magnesium. A 
strongly exothermic reaction occurs 
which maintains the temperature of 
the chamber at the desired point with- 
out external heating for about two- 
thirds of the run. After the greater 
part of the titanium tetrachloride has 
reacted with the magnesium to form 
titanium and magnesium chloride, the 
temperature is raised to about 900°C 
and the reaction goes to completion. 
The container is then cooled and the 
charge is bored out in the form of 
chips. Leaching with cold dilute hy- 
drochloric acid removes any unreacted 
magnesium and most of the magne- 
sium chloride formed as a reaction 
product. The chips are then ground in 
a ball mill, leached again, washed and 
dried. The resultant titanium powder 
is quite pure containing small amounts 
of magnesium, iron, silicon, oxygen, 
and hydrogen. The magnesium and 
hydrogen are removed by subsequent 
vacuum sintering at high tempera- 
tures. The powder can be compacted 
by standard powder metallurgy tech- 
niques and the compacts are then 
rolled or forged into bars and sheets 
by the usual fabricating procedures. 

The highest purity titanium and the 
most ductile is obtained by means of 
the Van Arkel-DeBoer process, which 
involves the thermal decomposition of 
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titanium iodide on a heated tungsten 
filament, whereby metallic titanium is 
deposited on the hot wire and iodine 
is liberated as a gas. To date this pro- 
cess has not been adopted as a large 
scale production technique but has 
been primarily used for obtaining 
small batches of gas-free ductile titan- 
ium. 

Corrosion Resistance 

Although the metal titanium has 
high chemical activity, the corrosion 
resistance is, however, comparable to 
that of 18-8 stainless steel. Its excel- 
lent corrosion resistance is attributed 
to the formation of an adherent oxide 
film on the surface even at room tem- 
perature which protects it from fur- 
ther attack, as is the case with alu- 
minum and chromium. Exposure of 
both cold-worked and annealed sam- 
ples to salt spray for 30 days gave no 
visible sign of attack, the tensile prop- 
erties of the exposed samples being 
the same as control samples. Concen- 
trated nitric acid and dilute nitric acid, 
hydrochloric acid, acetic acid, ammon- 
ium and sodium hydroxide do not ap- 
preciably attack titanium. Concen- 
trated sulfuric and hydrochloric acids 
however rapidly attack the metal. 

At elevated temperatures, titanium 
undergoes surface oxidation and still 
more detrimentally reacts with atmos- 
pheric gases and becomes brittle. How- 
ever, as in the case of probable im- 
provement of its good mechanical 
properties, there seems to be no reason 
not to expect even greater oxidation 
and thermal resistance of certain titan- 
ium-rich alloys. 

Possible Applications 

The properties of titanium, even in 

the present state of exploitation, indi 
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cate its extensive potentialities for ap- 
plication to both military and civilian 
usage. Its outstanding characteristics 
of light weight, high strength and cor- 
rosion resistance make it a most de- 
sirable structural metal. Its high pro- 
portional limit and its low density 
make it a preferred structural material 
where minimum weight and high 
stresses are design requirements. This 
immediately indicates its possible use 
as an airframe structural metal. Its ex- 
cellent corrosion resistance to salt spray 
indicates its utility for pontoons and 
other similar aircraft components 
where the requirement for inertness 
to sea water corrosion is essential. The 
ability of titanium to be surface hard- 
ened suggests its use for parts which 
are subject to frictional wear. Pistons, 
cylinders and other engine components 
seem likely applications. The high pro- 
portional limit and low modulus of 
elasticity make titanium a useful ma- 
terial for springs .where considerable 
extension with low loads is required. 
Titanium has a high electrical resis- 
tance and may be useful as a metallic 
electrical resistor. Its unusual property 
of marking glass is useful in the pro- 
duction of stable high electrical resis- 
tances. 

Because of its high melting point, 
there is some hope that titanium and 
its alloys will prove to be a useful heat- 
resistant material. However, at the 
present writing, alloy development 
work and high temperature tests have 
not reached the stage where definite 
conclusions may be drawn. This field of 
research is being vigorously attacked. 

The large scale applications of ti- 
tanium and its alloys will depend upon 
their availability in suitable form and 
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at a cost where they will not be con- 
sidered as precious metals. For certain 
military applications where require- 
ments cannot be fulfilled by other ma- 
terials, even the present price does not 
seem exorbitant. The Bureau of Mines 
is presently producing titanium at 
about $3.00/lb and it is estimated that 
large scale production may bring the 
price down to 0.50 to $1.00/lb. The 
history of aluminum and magnesium 
and the tremendous reduction in price 
levels of those two metals should be 
borne in mind when considering the 
future of titanium research. 

As indicated previously, the major 
reason for the lack of commercial ex- 
ploitation of titanium was not due to 
the scarcity of its ores but to the brittle 
characteristics of the metal as prepared 
by the early investigators. This appar- 
ent “inherent” brittleness was subse- 
quently shown to be caused by the 
presence of gases (e.g., hydrogen, oxy- 
gen, nitrogen) or other elements in 
the metal. A reaction between these 
gases and titanium often results in 
hard but severely embrittled alloys. In 
addition to the ready absorption of 
gases, titanium reacts rapidly at ele- 
vated temperatures with many metals 
and practically all crucible materials 
including alumina, beryllia, and car- 
bon, particularly in the liquid state. 
This high degree of reactivity creates 
a source of impurities and poses diff- 
cult problems for casting the metals 
by conventional methods. It is neces- 
sary to use vacuum techniques, inert 
atmospheres, or other protective meas- 
ures for handling titanium at elevated 
temperatures, both in production and 
fabrication processes. 


Titanium powder produced by the 
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Bureau of Mines’ process is fabricated 
into shape by powder metallurgy tech- 
niques. It would be more desirable for 
production and other purposes if the 
metal could de cast and then fabricated 
by convention forging and rolling 
methods. A large part of the current 
effort in the field of titassum is aimed 
at finding satisfactory crucible ma- 
terials and developing new casting 
methods. 


> A misPLAcED woolen shirt and a 
coffee substitute are largely respon- 
sible for the gleaming, rustproof finish 
on many household tools and radio 
parts. 


Pure chance led to the discovery of 
the process of bright plating with 
cadmium, an element used to protect 
steel and other metals from corrosion, 
according to Marvin J. Udy, Niagara 
Falls chemical and metallurgical con- 
sultant, who reported it as he received 
the 1948 Jacob F. Schoellkopf Medal 
of the Western New York Section of 
the American Chemical Society. Mr. 
Udy was honored for his development 
of methods of plating materials with 
cadmium and chromium, a critical 
metal widely used to coat automobile 
radiators, headlights and other orna- 
mental work. Describing his early 
experiments the medalist recalled that 
one of several test plating tanks gave 
an exceptionally bright luster to the 
cadmium, with which radio chassis, 
nuts, bolts, hammers, wrenches and 
other household articles are frequent- 
ly coated, and that a workman’s shirt 
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Old Shirt Makes Shiny Metal 


Present government activity is di- 
rected toward increasing the availabili- 
ty of titanium (and consequent reduc- 
tion of price), development of tech- 
niques and methods for the produc- 
tion of pure, ductile titanium, funda- 
mental research on titanium and its 
alloys, and development of titanium 
alloys. The Navy is making a major 
contribution te the exploitation of this 
important metal. 






was taken from the tank in a plant 
clean-up. When the shirt was re- 
moved, the tank no longer produced 
bright plating, and thé cadmium was 
like that from other test tanks, need- 
ing buffing to make it shine. 


The discovery of the wool shirt in 
the tank led to a series of tests in 
which many different materials were 
tried as addition agents. These trials 
included almost everything from milk 
to postum. Unexpectedly, postum 
proved to be the most effective ma- 
terial that could be added to the plat- 
ing bath to get bright plating. Postum 
today still forms the base for one of 
the several brightening agents now 
in use, 


Mr. Udy concluded: 


“So you see, great discoveries come 
in divers ways. Some you stumble on, 
some you never see, some you attain 
with hard work. How would you 
ever know that either the wool shirts 
you wear or the postum you drink 
would give bright cadmium plating, 
except by accident?” 
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For The Home Lab 


Titanium 


by Burton L. Hawk 


“ 


. as I did in the case of 
uranium, I shall borrow the name 
for this metallic substance from 
mythology, and in particular 
from the Titans, the first sons of 
the earth. I therefore call this 
new metallic genus TITAN- 
IUM.” 

Martin Heinricu Kiaprotn, 1795 


> Titanium is another one of those 
elements usually classified as “rare,” 
but in reality it is quite plentiful. Ac- 
tually, titanium is tenth in the list of 
most abundant elements. Strange as 
it may seem, titanium is more plenti- 
ful than either carbon or chlorine! 
Despite its abundance, it is still un- 
familiar to most people mainly be- 
cause its usefulness, so far, has been 
limited. Nevertheless, it does have 
some interesting properties, so let us 
become better acquainted. 
History 

Titanium was discovered in 1791 
by an English clergyman, The Rev. 
William McGregor. Mr. McGregor 
suspected the existence of a new sub- 
stance in the minerals obtained from 
his own parish. Although he an- 
nounced his discovery, he did not in- 
vestigate further and the new element 
was soon forgotten. 


Klaproth resurrected the element 
four years later and it was he who 
named it titanium. 


Titanium is not found in the ele- 
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mental state and it is very difficult to 
isolate. Klaproth, Rose, Vauquelin, 
Wollaston, and others all tried to iso- 
late the metal without success. Ber- 
zelius obtained a black powder by 
reducing potassium fluotitanate with 
potassium, but whether the powder 
contained much titanium is open to 
question. Similarly, in 1849 Wohler 
and Deville obtained a gray metallic 
powder which they thought was 
titanium, but others claimed the 
powder was a nitride of titanium. 


Finally in 1887, the metal was ob- 
tained 95% pure by Nilson and Pet- 
tersson. They reduced titanium tetra- 
chloride with sodium in an air-tight 
cylinder. Moissan also prepared it in 
his electric furnace. 


M. A. Hunter prepared the purest 
metal (99.9%) in 1910 by heating 
pure titanic chloride with sodium in 
a machine steel bomb. 


The Metal 


Although we have been referring 
to titanium as a metal, it is actually 
one of those “in-between” elements 
acting as a metal in some of its com- 
pounds and as a non-metal in others. 
It is brittle, silvery-white in appear- 
ance or in the amorphous state as a 
dark gray powder. It melts at 1800 
degrees C. 

As described above, its isolation is 
not accomplished very easily, therefore 
we suggest you purchase the*metal it- 
self from a chemical supply house. 
Limited production keeps the price 
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high, but you will need only a small 
quantity for these experiments. 


Titanium burns with unusual bril- 
liance forming the dioxide and the 
nitride. You can demonstrate this by 
sifting a small quantity of powdered 
titanium into an open flame. Do not 
use too much, as it burns rapidly with 
a blinding white light. 

Its Compounds 


Titanium dissolves in dilute acids 
forming titanous salts. 


Dissolve a few pieces of the metal 
in dilute hydrochloric or sulfuric acid, 
heating if necessary. When as much 
as possible has dissolved, filter the solu- 
tion and evaporate to dryness over a 
gentle heat. 

Titanous chloride (titanium trichlo- 
ride), TiCls, consists of dark violet 
deliquescent crystals soluble in water 
to form a lovely red-violet solution. 
Titanous sulfate (titanium sesquisul- 
fate), Tie(SO,4)s3, is a green crystal- 
line powder insoluble in water but 
soluble in dilute HCl or H2SO, giving 
a violet colored solution. These salts 
of titanium act as vigorous reducing 
agents. Evidence of this fact can be 
shown by adding titanous chloride 
solution to a solution of silver nitrate; 
the latter is reduced to metallic silver 
which forms as a gray precipitate. 

If you want to be sure that your 
solution contains titanium, add a small 
quantity of hydrogen peroxide. A yel- 
low color indicates the presence of ti- 
tanium. A yellow color is also formed 
with oxalic acid. 

Dissolve a few pieces of titanium in 
aqua regia (3 parts HCl and one part 
HNOs)? Heat gently to start the re- 
action; it will then proceed of itself 
with vigor. Filter the resultant solu- 
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tion and evaporate nearly to dryness. 
Then add 20 or 30 cc. of water and to 
this solution add a little ammonium 
hydroxide. A white precipitate of ti- 
tanic hydroxide (titanic acid) forms. 
To obtain the dioxide, TiOs, filter and 
heat the precipitate to dryness. Apply 
only gentle heat as the compound will 
turn yellow if strongly heated. Titan- 
ium dioxide is an excellent white pig- 
ment used in paints. 

Titanium tetrachloride, TiCl,, is an 
interesting compound. It absorbs mois- 
ture from the air and evolves dense 
white fumes. With ammonia it is used 
to produce smoke screens. It is formed 
by passing chlorine over a heated mix- 
ture of titanium dioxide and carbon. 
Place a small quantity of manganese 
dioxide and dilute HC] in a test tube. 
Attach a stopper and delivery tube. 
Lead the delivery tube to the bottom 
of another test tube which contains a 
mixture of TiO, and charcoal. Apply 
heat under both tubes. Allow the chlo- 
rine to pass over for about 10 or 15 
minutes. Then disconnect the appara- 
tus and add a small quantity of cold 
water to the TiOs-charcoal mixture. 
Next pour in a littlke ammonia and 
observe the smoke screen. 

Future 

Here is an element availabie in plen- 
ty, but which has not yet been fully 
put to work. It is gradually becoming 
more useful and perhaps some day 
someone will find easier methods of 
producing it and other ways of using 
it. Perhaps at some future date titan- 
ium will be as familiar to everyone as 
aluminum is today. For we must re- 
member that not so long ago alumi- 
num itself was one of those “rare” 
abundant elements, difficult to isolate, 
and for which no use could be found! 
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To Study Reaction of New Mineral 
McGregor Tried Many Experiments 


How Titanium Ore Was Discovered 


A Classic of Chemistry 


The black magnetic sand which 
William McGregor picked up in 
Cornwall still goes by the name of 
Menaccanite, although the metal 
which Klaproth was able to separate 
from it now bears Klaproth’s choice 
of a name, Titanium. Dana’s Manual 
of Mineralogy, in its 13th edition 
makes the discouraging comment: 
“Has practically no commercial use. 
A little of it present in a body of 
magnetic iron ore makes the ore so 
difficult to smelt as to render it of 
little value.” Today's metallurgy is 
just getting to the point of being able 


BEOBACHTUNGEN UND VERSUCHE 
UBER DEN MENAKANITE,¢inen in Corn- 
wall gefundenen magnetischen Sand; 
vom Hrn. William Gregor. (Observa- 
tions and Experiments on a magnetic 
sand found in Cornwall; by Mr. Wil- 
liam McGregor). In Crell’s Chem- 
ische Annalen, 1791. Translated into 
English for Cuemistry by Helen M. 
Davis (Herr Crell reports that the 
original paper was translated from 
English into German for his readers 
by his son). 


> Tuis sanp is found in great abund- 
ance in a valley in the parish of 
Menakan in the county of Cornwall. 
Through this valley flows a brook 
whose source is in the valleys of Gon- 
hilly. The sand is black, and has ex- 


ternally a resemblance to gunpowder. 


January 1949 


to do something with the refractory 
substance. 

Titaniferous iron ores are of fairly 
common occurrence. Perhaps you can 
find some near your home, among 
rocks or in river sand, and duplicate 
these tests made by their discoverer. 
If not, you can use some of the ma- 
terial from the scientific supply house, 
left over from doing the experiments 
described by Burton L. Hawk in an- 
other part of this issue. A parallel 
series of tests on titanium with and 
without the addition of iron will show 
you which of McGregor’s results come 
from pure titanium. 


Its grains are of various sizes and have 
no definite shape. It is mixed with an- 
other dirty-white sand, whose grains 
are much finer. The specific gravity 
of the black sand, separated from the 
other by a sieve, was to that of dis- 
tilled water, oy the method of Mr. 
de Lugart, = 4.427 : 1. It is easily 
reduced to a fine powder, and is mag- 
netic. 

A grain of this sand does not 
crackle when placed in the flame of 
the blowpipe. Its color, after ignition 
at red heat, becomes somewhat bright- 
er upon cooling. When somewhat less 
of the sand is added to a drop of 
molten microcosmic salt,’ this has no 
apparent effect on it. This flux brings 

1 Microcosmic salt: sodium ammonium 


phosphate, used as a flux in blowpipe 
analysis. 
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out a green color which vanishes 
when it becomes cold. The appear- 
ances remain the same, whether the 
fusion is put into the outer or the 
inner part of the blue flame. If some 
of the sand, ground to a fine powder, 
is mixed with microcosmic salt, the 
flux has a stronger effect on it. It be- 
comes greener when it is hot, but 
when it cools it takes on a brown 
color, and the small undissolved bits 
remain as white flocks clinging to the 
little lumps of salt. 

Borax dissolves this sand more evi- 
dently, and brings out a brighter 
green color which, however, soon 
changes to a brown. 

100 grains, held at red heat for a 
quarter of an hour, increased its 
weight by nearly a grain. At a still 
stronger heat, continued for two 
hours, the 100 gr. sintered together 
into the shape of the bottom of the 
crucible, and increased 1 grains in 
weight; and at a lower red heat for 
three hours, 23 gr. The black color of 
this sand changes during calcination 
to brown. 

Some of the pulverized sand mixed 
with four times as much saltpeter? 
and heated red hot made no detona- 
tion; it showed, however, some traces 
of the presence of limonite.’. 

One ounce of this sand mixed with 
2 ounces of fixed vegetable alkali* 
melted at a glowing red heat in an 
iron crucible to an olive-colored mass. 
The soluble portion was extracted 
with distilled water. Nitric acid 





4Saltpeter: potassium nitrate. 

“a Limonite: a brown hydrated iron ox- 
ide. 

*Fixed vegetable alkali: potassium 
carbonate (later hydroxide), so called 
because the potassium compounds were 
first recognized in wood ashes and dis- 
tinguished from sodium compounds, call- 
ed the fixed mineral alkali. 
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dropped into this solution threw 
down a white precipitate which 
weighed approximately 12 grains. 
This earth had none of the properties 
of the earths of tungsten and molyb- 
denum. 

Neither volatile’ nor fixed alkalies 
had any effect on this mineral. 

100 grains of this sand, ground to 
a fine powder, was shaken into a 
flask and covered with distilled water. 
The vessel was left in a warm place to 
digest for two hours, afterward the 
water was allowed to boil for approxi- 
mately a quarter of an hour. Even 
though the solution were allowed to 
stand undisturbed for several hours, 
I noticed that it still always had the 
opaque appearance of cocoa or milk 
chocolate. I poured it*onto a filter; it 
went through the paper in the con- 
dition of an emulsion, without leav- 
ing behind any solid from it. I poured 
still more distilled water on the re- 
maining black sand, digested it and 
let it boil as before. This soon pro- 
duced the same turbidity. This I 
poured off; I repeated this operation 
a number of times until the water 
would not take up any more. 

Then I dried the remaining black 
sand, and rubbed it in a mortar to a 
finer powder, digested it and boiled 
it in distilled water; but T found that 
I could decant it quite clear. This 
residue weighed approximately 863 
grains, so that the water had dissolved 
133 gr. which in another test upon 
the residue did not seem to be chang- 
ed. 

This emulsion did not become clear 
after several days, but by the end of 
the week the cloudiness at the bottom 


5 Volatile alkali: ammonium carbonate 
(later hydroxide), distinguished from 
the fixed alkalies. 
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of the vessel in which the solution was 
standing seemed to become somewhat 
darker; the solution had an opalescent 
color on the surface. After about 14 
days it still went through the filter 
like an emulsion. It did not change 
the color of litmus or Brazil wood, 
and solutions of fixed and phlogisti- 
cated® alkalies, mercury nitrate and 
tincture of tannin produced no pre- 
cipitate. 

Sulfuric acid, if dropped in and 
boiled with it, made the emulsion 
transparent. When the mixture was 
evaporated to dryness, it showed a 
blue color. 

I treated some of the sand with 
distilled water after it had been cal- 
cined for three hours, but none of 
the powder dissolved in it. 

Pure, boiling nitric acid poured 
over the finely ground sand had only 
slight effect on it, and dissolved only 
a small part of the iron. Hydrochloric 
and sulfuric acids dropped into the 
nitric acid solutién produced no pre- 
cipitate. 

Pure hydrochloric acid, distilled on- 
to the sand, dissolved the iron part, 
and destroyed the black color. There 
remained, however, the greater part 
of the mineral, colored brownish red, 
undissolved. If the water with the 
residue is neutralized, and allowed to 
stand upon it for several hours, it 
takes on an opalescent color and is no 
longer transparent. 


Aqua regia made with two parts 
nitric acid and one part hydrochloric 
had only a very slight effect on this 
sand. Three ounces distilled onto the 
sand did not change its color, and 


* Phlogisticated: the old terminology 
makes the exact meaning obscure. It is 
possible that a cyanide is meant here. 
See note 8. 
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the undissolved black powder weigh- 
ed 889 gr. A solution of ferrous sul- 
fate, dropped into the solution ex- 
tracted with distilled water, gave as 
little precipitate when the solution of 
sal ammoniac’ brought about some 
change. 

Sulfuric acid, diluted with a little 
distilled water and poured onto the 
pulverized sand in such amount that 
it is not too wet, then evaporated to 
dryness, colors the mass dark blue. 
The addition of a little piece of sugar 
neither prevented the color nor de- 
stroyed it. If this is first calcined for 
a few hours, the blue color does not 
appear. If the acid is added in too 
great amount, the calcined sand takes 
the shape of the bottom of the vessel 
and the solution is hindered thereby. 

if water is added to the blue-color- 
ed mass, there appears on the surface 
of the powder, little by little, a yellow 
color. If the flask is shaken, blue flocks 
remain floating in the liquid, which 
become grayer as solution takes place. 

Finally the solution becomes color- 
ed a strong yellow. If the yellow 
solution is poured off, more sulfuric 
acid poured on the undissolved resi- 
due, and the soluble part taken up 
with distilled water, the solution is 
bright yellow and the residue bright 
blue. 

When all the iron is dissolved, the 
solution loses its color and the remain- 
ing powder becomes white. The 
further the operation is carried the 
less effective the acid is. If the white 
powder is calcined it takes on a 
brownish red color, becomes more 
soluble in acid. By repeated calcina- 
tion and frequent extraction with sul- 
furic acid the sand is at last complete- 


™Sal ammoniac: ammonium chloride. 
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ly decomposed. There remain a few 
grains of silica, which seem to be 
only an accidental impurity, for they 
diminish in proportion as the origi- 
nal sand is freed from heterogeneous 
portions. 


If the sulfuric acid solution is boiled 
it soon becomes turbid, because a 
white precipitate separates, which 
little by little falls to the bottom; thus 
the liquid can be completely decanted 
from it. I determined the quantity of 
the precipitate, allowing for the quan- 
tity taken up in the excess acid, for 
this will dissolve a part of it again. 
Generally it amounts to 26:29 grains 
in 100, if it had first been calcined for 
a few minutes at red heat. EH it had 
been heated for a quarter of an hour, 
it was brownish red and lost a few 
grains in weight. 

I have boiled this white powder, 
dissolved in sufficient distilled water, 
with a solution of fixed vegetable 
alkali, but could neither produce tar- 
trate acidified with sulfuric acid nor 
discover the presence of phosphoric 
acid, as in iron-bearing limestone. 

Other experiments have convinced 
me that the solution of all the lime 
contained in the powder is not ac- 
complished through boiling. When 
the white lime is separated by boiling, 
the excess of acid should be increased, 
solution being increased through this 
action, with greater power to keep the 
residue lime in solution. Then, if a 
solution of vegetable alkali is dropped 
in, there is formed at first a white, 
and afterward a green precipitate 
characteristic of iron. 

If a solution of vegetable alkali is 
dropped into a solution of this sand 
in sulfuric acid, no part of which has 
been precipitated by boiling, there 
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separates out, before the iron is pre- 
cipitated, a white powder. This has 
the same constitution as the former, 
and also as that which is separated by 
boiling. It is mixed with some iron 
compounds, and from the white 
powder somthing falls to the bottom 
with the green iron precipitate. 

The white precipitate thrown down 
by fixed alkali makes no noticeable 
hissing with acids. 

In a small flask I poured some of 
the yellow sulfuric acid solution and 
dropped in a solution of phlogistisized 
alkali® (prepared according to 
Scheele’s method by precipitation of 
the salt by means of alcohol). Prus- 
sian blue was at first precipitated, fol- 
lowed by a green precipitate. I allow- 
ed the flask to stand fOr several days, 
with the two separately formed pre- 
cipitates in it. If the flask is shaken, 
the blue color is predominant. 


From a known quantity of sulfuric 
acid solution of the sand I precipitated 
all that would come down with 
phlogistisized alkali. The clear solu- 
tion had taken on a greenish color 
upon boiling; somewhat more of the 
green precipitate, which I found in 
the water, was separated. A solution 
of fixed alkali separated a small part 
of the lime which, when it combined 
with the acid of the Prussian blue, 
was dissolved in the water. 

In this solution I could find no 
earth. 

In some of the yellow sulfuric acid 
solution I laid a piece of polished iron, 
and set the vessel on the digestor. The 
acid soon attacked the iron, and the 


* Evidently potassium ferrocyanide, 
from the results. Scheele had experi- 
mented extensively with cyanide com- 
pounds, 
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very noticeable. The further the solu- 
tion progressed, the darker the color 
became, and finally took on the color 
of port wine. The color of this solu- 
tion is changed as it is diluted with 
water, and also in proportion to the 
time it has stood over the iron. Under 
some circumstances it approaches blue 
more than purple; but whatever the 
cause of this may be, I am not in 
position to discover. The solution is, 
when first made, always of a purple 
color. I poured off from the iron plate 
the greatest part of the bright purple 
material, so that only a small part of 
the iron was covered with the remain- 
ing part of the solution. When, on the 
following morning, I investigated the 
flask I found the part of the plate 
which had been exposed to the air 
covered with a layer of oxide. I pour- 
ed distilled water on it and obtained 
a beautiful blue solution. 

An iron plate changed the yellow 
solution, if it had not been exposed to 
heat, to a bright purple color, but this 
phenomenon does not occur so sud- 
denly. 

After I had seen how this beautiful 
amethyst color is formed, I tried to 
find out how it could be prevented or 
destroyed. For this purpose a piece of 
sugar and a piece of iron were put 
into a vessel with some of the yellow 
solution, but the only result was the 
purple color as before. A piece of sugar 
could just as little destroy the amethyst 
color developed according to the fore- 
going method. 

After calcining the sand for some 
three hours I poured on some sulfuric 
acid and obtained a solution. To it I 
added a piece of iron, and after long 


*Inflammable air: hydrogen. 
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digestion it showed a weak purple 
color. The weakness of this color and 
the time necessary for its formation 
led to the supposition that perhaps 
longer calcination might have pre- 
vented the formation of the color en- 
tirely, but I was not able to confirm 
this supposition by experiment. 
** * 

McGregor continues with a long ac- 
count of other experiments with his 
unfamiliar sand. He concludes as fol- 
lows: 

I send in this letter scattered facts 
rather than a completed research. And 
I do not offer you my theory for the 
purpose of securing priority of publi- 
cation; I leave such clever work to 
sharper philosophers than I. 

My friend, Mr. John Hawkins, has 
seen this sand, and has confessed to 
me that he has never seen a mineral 
like it. Such an expression from a man 
so outstanding in mineralogy, com- 
bined with the unusual properties of 
the sand, have led me to think that it 
contains a new metallic substance. In 
order to distinguish it from others, I 
have ventured to give it a name sug- 
gested by the place where it is found 
(that is, in the parish Menackan), and 
on that account the metal could also 
be called Menakanite. 

The researches of other chemists 
may perhaps, by explaining its strange 
properties, rob it of its novelty. Other 
matters have hindered me from carry- 
ing out further the researches, from 
which I have already won this much, 
onto the sure ground of experiment. 
But the scattered facts which I have 
laid before you here may help save 
much trouble for others who take up 
the examination of this strange sub- 
stance. 
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Atomic Energy Commission Experts 
Optimistic About Supply Prospects 







> One of the controversial questions 
in connection with atomic energy has 
been the supply of fissionable materi- 
al —largely uranium. Two official 
AEC statements were made at Denver 
in December that give authoritative 
opinions. 
































The consensus of opinion seems to 











by Davin E. LittentHac 











> Tue poTENTIAuities of the atomic 
age have been sold short several times 
in recent weeks. Statements have been 
made and widely publicized, that there 
is only enough uranium ore to last a 
relatively brief period, and so the pros- 
pects of benefit from atomic power 
must go glimmering. This is simply 
not so. It appears clear that atomic 
energy is on a sound basis for an in- 
definite period in the future. 

An unwarranted impression that a 
shortage of uranium will drastically 
limit the possibilities of atomic ener- 
gy has been caused by estimates that 
known reserves of uranium would last 
perhaps only 30 years or not more 
than 40. Estimates of the total world 
supply of uranium have run from 30,- 
000 tons to 500,000 tons, seventeen 
times as much. Estimates of rates of 
potential consumption of the fission- 
able material derived from uranium 
have also varied considerably. 
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Plenty of Uranium for Atomic Age 






be that there is no shortage. The great 
prospecting boom which the Atomic 
Energy Commission has inaugurated 
is expected to locate new deposits of 
uranium ores. The apparent scarcity 
is due to the lack of incentive for find- 
ing minerals for which there was so 
little use before the key to atomic 
energy was found. 


Lilienthal On Uranium Supplies 


Chairman, U.S. Atomic Energy Commission 


The people of the United States are 
entitled to know that these estimates 
of a short-lived atomic enterprise are 
not correct. If they were true, this 
would be very serious news. As ex- 
plicitly as national security permits, the 
Atomic Energy Commission wishes to 
state that it finds no basis in fact for 
these statements about extremely lim- 
ited uranium ore supplies. If this fore- 
shortening of the atomic age were ac- 
curate, the plants and operations of the 
atomic energy program of the United 
States would have to close up in a few 
years. 

Instead, the contrary is true about 
uranium supplies. Estimated known 
reserves have already increased sub- 
stantially since usefulness of uranium 
as a source of fissionable material be- 
came firmly established. 

Let us look at the facts as they are 
available generally for making such 
estimates. Necessarily most of the pub- 
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lished data concerning ore deposits 
and ore reserves is pre-war informa- 
tion. Before the war, uranium was 
used principally as a pigment in the 
ceramics industry and was essentially 
a by-product of radium or vanadium 
ore. Man has just begun to look for 
uranium; in every quarter of the earth’s 
surface prospectors’ picks are breaking 
the rocks in this search. The current 
great prospecting surge may result in 
the discovery of new uranium deposits 
that will significantly alter our con- 
cept of world supply. Some good pros- 
pects are turning up in Canada, to cite 
only one country. It would be surpris- 
ing if new discoveries there would not, 
over the years, equal or better the great 
Eldorado mine. Only a few new im- 
portant discoveries would change the 
world supply picture profoundly. 


Nor is it necessary that such new 
discoveries be made in hitherto un- 
suspected places. One of the rules of 
mining is to look for new ore deposits 
close to known big ones. New discov- 
eries in the Eldorado mine or Shin- 
kolobwe mine in the African Congo 
would affect the uranium supply posi- 
tion of the world as profoundly as, say, 
one in South America—and would be 
reflected in production sooner. 


Another rule is that good mines die 
hard. The comparison of measurable 
ore reserves with rates of consumption 
at any time means very little in terms 
of future supply. The prophets of ear- 
ly exhaustion of our petroleum, lead, 
copper, and other non-replaceable raw 
materials have found this out to their 
chagrin generation after generation. 

Recently some figures on petroleum, 
non-ferrous base metals, and iron for 
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the United States have been called to 
my attention. American Petroleum In- 
stitute data have shown an annual in- 
crease in the known reserves of petro- 
leum almost every year for a decade 
or more despite increasing rates of 
production. Yet 25 years ago dire pre- 
dictions were made that the rate of 
discovery of new pools was not keep- 
ing pace with consumption. Iron may 
be one of the metals that we have de- 
pleted most in this country. Govern- 
ment estimates of iron ore reserves for 
1946, although showing serious de- 
cline in the past 20 years because of 
enormous production, were neverthe- 
less greater than in 1918 and almost 
as great as in 1908. The iron industry 
is, however, on the verge of solving 
the technology of treating vast reserves 
of low-grade taconite not included in 
the ore reserve estimates. In addition 
it will be able to draw on the big, new 
high-grade discoveries in Labrador, 
Canada and Venezuela. The trend of 
copper reserve estimates has been 
steadily upward for many years, al- 
though the trend of production has 
also been upward. 


Mr. Howard I. Young at the recent 
annual banquet in St. Louis of the 
Industrial Minerals Division of the 
American Institute of Mining and 
Metallurgical Engineers was talking 
about other metals than uranium, but 
much of what he had to say is appli- 
cable to uranium also. He pointed out 
that for very good reasons many min- 
ing companies spend only enough 
money in development work to main- 
tain ore reserves of one to five years. 
Development work is costly, and fre- 
quently it is bad business to make a 
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capital investment in development 
work that will not yield returns for 
a long time to come. 


One factor that obviously has not 
been taken into account in these pessi- 
mistic predictions about the uranium 
ore supply is our growing technology 
and its future application to low-grade 
sources of uranium. Most metals have 
gone, or are going through, a cycle 
where high-grade deposits are at first 
the only commercial deposits. Then 
gradually large low-grade deposits 
yield to man’s technical ingenuity and 
become important producers. This 
cycle is strikingly demonstrated in the 
case of copper and lead in this coun- 
try. At one time five-per cent copper 
ore was a must. Now important pro- 
duction comes from underground as 
well as open cut mining of copper ores 
containing less than one per cent cop- 
per. It used to require 5 to 7 per cent 
lead to make ore, but for years now 
lead mines of Southeast Missouri have 
profitably mined ore containing as 
little as 2 per cent lead. In the case 
of iron, enormous effort is now being 


put into the problem of utilizing the 
low-grade taconite of the Mesabi 
Range which formerly was not con- 
sidered ore, and there is little doubt 
but that this effort will be successful. 
Probably the record for handling low- 
grade ores to date was the recovery of 


magnesium from sea water during 
World War II. 


As for uranium, Sweden has already 
announced that she plans to recover 
uranium from oil shales, and oil shales 
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and other types of marine sediments 
which contain small amounts of ura- 
nium are under study in this country 
as in other parts of the world. One 
important potential low-grade source 
is that announced recently by the 
Union of South Africa. The gold ores 
of the Witwatersrand contain low con- 
centrations of uranium, and by-pro- 
duct uranium undoubtedly will come 
from the huge gold mining industry 
of that country. 


Uranium has been estimated to oc- 
cur in the crust of the earth probably 
a thousand times as plentifully as gold 
or a hundred times as plentifully as 
silver, and possibly more plentifully 
than lead or zinc. Figures of this kind, 
however, have even less meaning than 
figures for proven ore reserves. It takes 
considerable concentration of uran- 
ium, just as it does of lead or zinc, to 
make a mineable deposit under any- 
thing like present economic conditions. 
The fact, however, that uranium is not 
a great rarity lends credence to a geo- 
logical opinion that it is apt to be pres- 
ent in the right place reasonably often 
when geological concentrating pro- 
cesses are at work. 


The Atomic Energy Commission 
of the United States is responsible for 
one of the most extensive and intensive 
searches for a mineral that has ever 
been conducted, and on a world-wide 
basis. We do not expect that there will 
be an unlimited supply but there is no 
sound basis for a conclusion that usable 
uranium ore supplies will not be avail- 
able for the indefinite future. 
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Uranium Ore from Colorado Plateau 


by Joun K. Gustarson 


Manager of Raw Materials Operations, U.S. Atomic Energy Commission 


> Tue Atomic ENercy CommMIssIon’s 
Raw Materials program, which was 
approved last spring, was predicated 
primarily upon the need for thorough 
search of the United States for new 
sources for uranium. For years there 
had been practically no interest in 
uranium on the part of prospectors 
and miners. There was a possibility 
that important uranium deposits might 
be found by developing widespread 
interest and offering proper incentives. 
There was precedent for this hope; for 
example, the stimulus given to tung- 
sten mining during the war had re- 
sulted in important new discoveries. 
Therefore, the Commission established 
a ten-year guaranteed price for high- 
grade uranium ores and concentrates 
and a $10,000 bonus for the produc- 
tion of the first twenty tons of ore or 
mechanical concentrates from any 
mining claim not previously worked 
for uranium. The ore must average at 
least 20% uranium oxide to be eligible 
for this bonus. These incentives are 
primarily for the discovery and pro- 
duction of pitchblende-type ores, the 
major source of the world uranium 
supply. 

The Colorado Plateau was the only 
area in the United States actually pro- 
ducing uranium. Production came 
from low-grade carnotite ore mined 
primarily for vanadium, with uran- 
ium recovered as by-product. During 
the war the Manhattan District fi- 
nanced the construction and operation 
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of two plants for the extraction of 
uranium from tailings of Colorado 
vanadium plants and also purchased 
uranium concentrates produced as a 
by-product from the vanadium opera- 
tions. Following the war it was ten- 
tatively decided by the Manhattan Dis- 
trict to purchase only by-product uran- 
ium rather than to stimulate and sup- 
port increased production by special 
incentives. This position was based on 
the fact that the known uranium re- 
serves of the Colorado Plateau were 
limited and expensive to mine and 
process and that the only advantage 
of an accelerated program would be 
to make this limited supply available 
sooner. Since the estimated annual pro- 
duction of the Colorado Plateau, even 
under an accelerated program, would 
be small in relation to total U.S. re- 
quirements and to supplies available 
from foreign sources, it appeared more 
economical to obtain the uranium as 
a by-product from vanadium opera- 
tions which were geared to the vana- 
dium market. The quantity of vana- 
dium produced is much greater than 
the quantity of uranium recovered 
from these operations. 


The decision to undertake a rather 
extensive development and production 
program on the Colorado Plateau was 
based on a number of considerations: 
the use and conservation of idle facili- 
ties; the conversion of underground 
ore reserves into immediately avail- 


able finished product; and, as part of 
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our over-all uranium program, the de- 
velopment of a domestic uranium min- 
ing industry adequately staffed with 
experienced technical and management 
personnel which could be rapidly ex- 
panded in time of an emergency. 
There were five processing plants in 
the area but only two were operating 
and these two were selling by-product 
uranium to the Commission. All five 
plants had been operated during the 
war to supply the wartime vanadium 
requirements but three were closed 
near the end of the war because of the 
smaller demand for vanadium. Idle 
plants soon disintegrate and become 
useless. The Commission’s plan is to 
put these three idle plants back into 
operation and attain maximum pro- 
duction justified by existing ore re- 
serves. It takes some time from the 
mining of the ore until the uranium 
becomes fissionable material. We can- 
not rely too much on ore reserves in 
the ground to meet a war emergency. 


It was realized that, to attain the 
production goal, prices for the low- 
grade Colorado Plateau ore woud have 
to be increased to a point where the 
cost of uranium in the form of a high- 
grade concentrate would be higher 
than the prices being paid elsewhere. 
Although production promised to be 
small in terms of over-all supply, it 
nevertheless was significant, and might 
be the beginning of a much larger 
domestic uranium industry which the 
Commission hopes to develop by en- 
listing the support of the prospectors 
and miners throughout the country. 
The AEC was, in a sense, establishing 
a subsidy operation to aid in the de- 
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velopment of a new American indus- 
try. 

Prior to announcement of the Com- 
mission’s program last April, miners 
were receiving about 35c per pound 
for uranium and the market for ore 
was limited. The Commission now 
pays approximately $3.50 per pound 
for uranium in average grade ore, in- 
cluding haulage and other allowances. 
The AEC also is accepting low-grade 
ore for which there had been no 
market previously. 

Current price paid by the AEC 
has been compared with a $5 per 
pound price paid in 1918 when uran- 
ium ore was bought only for its 
radium content. The $5 price was 
paid for ore containing a minimum 
of 2% uranium oxide and no pay- 
ment was made for vanadium. Except 
for the occasional high grade pocket, 
2% ore could be produced only by 
mining the richer portions of the de- 
posits and then upgrading by careful 
hand-sorting. This type of mining 
was expensive and production was 
small. It is no longer profitable to 
produce radium even as a by-product 
from Colorado carnotite ore. The 
Commission at present also pays for 
vanadium content, and vanadium 
payments constitute about half the 
price of the ore. Much of the ore de- 
livered to the AEC’s Monticello, Utah, 
station has been material which was 
rejected as waste during earlier opera- 
tions. 

About two-thirds of the employees 
attached to the AEC’s Grand Junc- 
tion, Colorado, office are directly or 
indirectly engaged on our exploration 
program. The results of this program 
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are of utmost importance to the 
miners — they will determine the 
mining life of the area. During the 
past forty years, prospectors have 
located most of the deposits which 
outcrop on the rims of the mesas. Dis- 
coveries in the future will be made 
back from the rims where the ore- 
bearing formation is deeply buried. 
There are large areas having ore 
potentialities which can be explored 
only by drilling. The Commission 
has engaged the U. S. Geological 
Survey to map and diamond-drill 
these areas. The AEC’s schedule calls 
for several hundred thousand feet of 
drilling a year. It has not been eco- 
nomic for private industry to do much 
drilling remote from ore outcrops. It 
has in general moved cautiously from 
known ore bodies. It is important 
that the Commission fully appraise 
the ore potentialities as soon as pos- 
sible and for this reason this explora- 
tion program is being vigorously pur- 
sued. 

Much of the land being explored 
is in the public domain and it has 
been necessary for the Commission to 
request that considerable areas be 
withdrawn from entry. Prospectors 
are given the right to stake mining 
claims on public domain as an in- 
centive for the discovery of mineral 
deposits. Deposits discovered by ex- 
penditure of government funds should 
be retained by the Government and 
not be given to speculators who might 
stake claims in the path of Govern- 
ment drilling and merely wait to see 
what happens. It is expected that de- 
posits discovered by the Commission 
will be made available to private in- 
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dustry for development and mining 
on some equitable royalty basis. Lands 
found to contain no uranium will be 
released from withdrawal. 


Under the plan initiated only eight 
months ago to stimulate the uranium 
mining industry of the Colorado 
Plateau area the following has been 
accomplished to date: 

Buying schedules, guaranteeing for 
three years increased prices for vanad- 
ium-uranium ores have been estab- 
lished. An ore-buying station has been 
opened at the Commission-owned 
mill at Monticello, Utah, and the mill 
is being prepared for operation in 
1949. Contracts for the purchase of 
uranium production from the two 
private plants now operating have 
been extended with provision for the 
purchase of ore from independent 
miners on terms as favorable as the 
Commission’s schedules. Negotiations 
are nearing completion for contracts 
with private companies covering the 
rehabilitation and operation of the 
plant at Durango, Colorado and the 
plant at Uravan, Colorado. It is ex- 
pected that before the end of 1949 all 
five plants in the area will be in full 
operation. Also private industry may 
build a plant in western Utah to 
process copper-uranium ores found in 
Arizona and Utah. A_ high-grade 
uranium product would be sold to 
the Commission. 

An important task yet to be com- 
pleted is the development of a process, 
or processes, to treat economically cer- 
tain uranium-bearing ores which can- 
not be treated by existing methods. 
For example, there are rather large 
tonnages of carnotite ores too high in 
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lime to be processed by methods now 
in use. The Commission has employ- 
ed research and metallurgical labora- 
tories to develop procedures for hand- 
ling this type of ore and restrictions 
on lime are expected to be relaxed 
soon. It is expected that the present 
price schedule will bring out sufficient 
ore to enable the five plants in the 
area to operate at capacity. Present 
ore reserves do not justify additional 
plants and the exploration program 
must be vigorously pursued in order 
to assure a reasonably long operating 
period for these plants. If sufficient 
quantities of additional ore are dis- 
covered, expansion of milling opera- 
tions can be considered. 

The Commission is studying 
whether existing ore commitments 
should be extended for a longer period 
of time in order to justify investment 
in mine development and equipment. 
In this connection, the AEC not only 
welcomes private participation in de- 
velopment and production of domestic 
uranium ore and subsequent concen- 
tration steps, but would like to turn 
over to private industry, as far as 


Major Classes of 


> Uranium composes about .0004% 
of the earth’s crust, but it occurs very 
sparingly in significant concentrations. 
There are five major classes of uran- 
ium deposits which are being exploit- 
ed now or will be exploited in the 
future: 


1. High-grade pitchblende-radium 
deposits (assaying better than 1% 
uranium oxide [U3;Og] in quantity 
worth mining) occurring as replace- 
ment bodies. Where oxidized, the ore 





possible, the whole job of supplying 
the Commission with suitable uran- 
ium concentrates for the production 
of fissionable material. Mining and 
processing of ores are activities in 
which private industry has had long 
and successful experiencz. in mining 
and processing uranium ore, the Com- 
mission wants private industry to 
maintain its traditionally independent 
role, to operate in much the same 
manner as it does in producing cop- 
per and lead and other commercial 
metals. 


The Commission has been request- 
ed to build roads, furnish equipment 
to miners, do development work, sell 
powder, sharpen steel, and furnish 
many other services «normally pro- 
vided by the miners themselves or by 
merchants and organizations estab- 
lished in the mining communities. As 
far as possible the AEC wants to 
avoid these forms of Govenment 
operation and subsidies in the interest 
of maximum freedom of private ac- 
tion and minimum Government con- 
trol in the mining industry. 


Uranium Deposits 


consists of autunite, carnotite, and 
other oxidation products of pitch- 
blende, many of which are brightly 
colored. The better known deposits 
of this kind are Eldorado in Canada; 
Shinkolobwe in the Belgian Congo 
(from both of which the United 
States obtains uranium); and Joac- 
himstahl and other deposits in the 
Erzgebirge district of Czechoslovakia 
and Germany which, according to 
newspaper accounts, Russia is exploit- 
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ing. Deposits of this class may contain 
appreciable quantities of silver, cop- 
per, or cobalt. 

2. Carnotite-type and roscoelite-type 
vanadium-uranium ores of the Colo- 
rado Plateau. These closely related 
ore types are apparently important 
only in this country, but at best they 
are quite inferior to the high-grade 
ores as a source of uranium. These 
deposits occurring in flat-lying sand- 
stones are under active development 
as part of the Commission’s program. 
Ore acceptable at AEC ore purchase 
depots contains a minimum of 0.10% 
UszOx, and payment is made for va- 
nadium (V2O;) content in a ratio not 
exceeding 10 parts V2O; to one part 
U3O0xs. By-product uranium from pri- 
vately-owned vanadium plants is also 
purchased by the Commission. 

3. Gold-uranium ores of the Wit- 
watersrand, South Africa. Public an- 
nouncement has been made of the 
occurrence of uranium as a very minor 
constituent of the gold-bearing Wit- 
watersrand conglomerate. The pros- 
pect exists of future by-product uran- 
ium from the great gold mining in- 
dustry of the Union of South Africa. 
The Commission, through the U. S. 
Geological Survey, has been systemat- 


ically examining all of the mill and 
smelter products in this country to 
discover if similar by-product pos- 
sibilities exist here. 

4. Uranium-bearing oil shales and 
other marine sediments. It has long 
been known that certain oil shales 
and other marine sediments, includ- 
ing phosphatic beds, contain very 
small quantities of uranium. Sweden, 
for example, has announced that she 
is building a small atomic pile and 
intends to derive uranium from her 
oil shales to feed this pile. According 
to published statements Swedish shale 
deposits containing many millions of 
tons of “ore” run around 0.02% UsOs. 
(These same geological formations 
extend northeastward up through 
Estonia and Leningrad.) By-product 
uranium from oil shale or phosphate 
industries may play a part in the de- 
velopment of atomic energy in differ- 
ent parts of the world. The AEC ex- 
pects to exhaust every possibility of 
this character in the United States. 

5. Miscellaneous other deposits. 
Pegmatites containing small amounts 
of pitchblende; placers containing a 
little uranium (generally as thorian- 
ite) along with monazite, and other 
ore types of as yet minor importance. 


New Low F igure fo r Mesotron Mass 


> A NEW BANTAMWEIGHT among 
atomic particles, that appears to have 
only 10 times the mass of an electron, 
wrote its autograph on a photo-nega- 
tive in the physics laboratory of the 
California Institute of Technology. 
Photograph and deductions based on 
it by Dr. E. W. Cowan appeared in 
the Journal, Science. 
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What the photograph actually 
shows are the vapor trails left by an 
electron and this hitherto unknown 
particle as they cullided and violently 
changed courses. From what happen- 
ed to the known electron Dr. Cowan 
calculated that the unknown stranger 
it ran into was a mesotron (or meson ) 
having about 10 times its mass. 
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by Martua G. Morrow 


> Just How the wool fibers of your 
sweater or suit wear away has been 
revealed by a new technique. 

Pictures showing the same fiber be- 
fore and after it has been treated with 
cleaning fluid or bleached can now be 
made by a simple method developed 
at the National Bureau of Standards 
by Max Swerdlow and associates. This 
is part of a fundamental study on why 
and how clothes wear out, with a view 
to making them last longer. 


Pictures of the “fingerprints” of 
wool left in plastic are the first tangi- 
ble proof of the structure of wool fi- 
bers. Made with an electron micro- 
scope, they reveal that the scales which 
cause the fibers to cling together con- 
sist of at least a double layer. 

The outer layer is a smooth cover- 
ing for the rigid understructure, photo- 
graphs of the impressions left by new 
and worn wool fibers show. When 
this lacquer-like coating is worn away, 
a rough corrugated layer is exposed. 
This layer gives the wool fibers their 
strength and chemical resistance. 

With more wear, the scales are pol- 
ished away, leaving a smooth thread- 
like structure with only slight traces 
of the former shingle-like structure of 
the scales. Still more rubbing removes 
the layer under the scales and reveals 
the soft cortex of the fiber. After such 
severe abrasion, the wool fiber disin- 
tegrates and a hole develops. 


24 


Scientists at Bureau of Standards 
Study Wool With Electron Microscope 


How Your Coat Wears Out 





Weaving causes little change in the 
surface of the wool, the studies of Mr. 
Swerdlow indicate. A few of the scales 
may be slightly worn, but less than 
about ten per cent. 

Woolen fibers are “blistered” by as 
little as a one per cent solution of 
chlorine and water, used in bleaching 
and some treatments designed to make 
woolens shrink-proof. 


The technique that makes these pic- 
tures possible is a simple but delicate 
one. A cast of the wool fiber is made 
in a thermoplastic film thin enough to 
be studied directly in an electron mi- 
croscope. The wool fiber itself is too 
thick for a detailed examination of its 
surface features with this instrument 
to be practical. Mechanical and chemi- 
cal changes produced in the fibers by 
the electron bombardment make it im- 
possible to photograph the same fiber 
twice. 

Two thermoplastic materials, ethyl 
cellulose and polystyrene, can be used 
with equal success to “fingerprint” the 
fiber. When the resin is poured onto 
a glass microscope slide, a thin film is 
left after the solvent evaporates, just 
as a fine coating is left on your finger- 
nails after the liquid polish dries. 


A dozen or so separate fibers, free 
of grease and dirt, are placed one by 
one upon the lacquer, then another 
glass slide put on top. This glass sand- 
wich is firmly held together by a 
clamp. 
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a ? 
> Intact woo fiber shows under the 


electron microscope the scales that 
lock and felt together. 


The glass sandwich of film and f- 
bers is heated in an electric oven for 
20 minutes at 190 degrees Fahrenheit. 
The heat softens the thermoplastic 
enough for the wool fibers in contact 
with it to leave a faithful impression 
on the plastic. 
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> Bapty worn, this wool fiber has 
lost its scaly outer coat and its hard, 
protective inner layer. 


Removed from the oven and allowed 
to cool, the glass sandwich can then be 
separated. Usually the wool fibers come 
away with the uncoated slide, leaving 
three-dimensional impressions in the 
plastic. If the fibers do not stick to the 
upper glass, they can easily be re- 
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moved either with a fine brush or 
tweezers. Having once been accurate- 
ly molded, these fibers can be saved 
for further chemical or mechanical 
treatment and another impression 
taken of them. 


Details of these microscopic “finger- 
prints” can be brought out by deposit- 
ing a thin coating of chromium upon 
the plastic. 


The evaporated chromium, de- 
posited in a vacuum, is made to strike 
the plastic at an angle. Just as snow 
in a snowstorm is piled upon the near 
side of fences and ditches, so the chro- 
mium collects in layers of extra thick- 
ness on the near side of elevations, and 


helps show up the structure of the 
fiber. 


The chromium-shadowed replica, 


still on the glass slide, can be viewed 
with an ordinary light microscope. 
But details not visible in this manner 
may be seen with the electron micro- 
scope after the plastic is removed from 
the glass. 

First dots of stainless steel screen, 
an eighth-inch in diameter, are cen- 
tered over the most promising-looking 
areas. This woven screen acts as a 
backing for the fragile film. The film 
is then floated off of the glass by care- 
fully immersing the glass in water. 

After drying, the screen dots with 
the attached plastic are punched from 
the film. A minute area, visible through 
one of the holes in the screen, is ready 
to be photographed in the electron mi- 
croscope. Enormously magnified pic- 
tures of prints left by tvool fibers re- 
veal much about its architecture. 


Organic and Inorganic 


> From THE Science Question Box 
by scientists of General Electric Re- 
search Laboratory: 


Q: What is organic and inorganic 
chemistry, and why are these 
names applied? 


: Until about a hundred and 
twenty-five years ago it was sup- 
posed that substances formed by 
living organisms were endowed 
with some peculiar vital force not 
possessed by material of non-living 
origin and the names “organic” 
and “inorganic” were used to dis- 


tinguish them. In 1828 an organic 
substance (urea) was prepared for 
the first time from materials that 
were not themselves products of 
living things, and it gradually be- 
came apparent that both kinds of 
matter were subject to the same 
fundamental laws. However, the 
name “organic chemistry” is now 
used to designate the chemistry 
of the compounds of carbon, 
which is present in all living ma- 
terial; while “inorganic” has to 
do with the chemistry of all the 
other elements. 


_ Scientific, agricultural and many other documents are included 
in the 45,000 letters and writings of Thomas Jefferson that Prince- 
ton University is now editing and preparing for publication. 
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Path of a New Industrial Product 


From Research Department to Process 


Evaluation of Industrial Research 


An address before the Philadelphia Section of the American Chemical Society at 
Franklin Institute. 


> In piscussinc the evaluation of re- 
search, I would like to make it clear 
what kind of values I wish to con- 
sider. I take it for granted that im- 
portant aesthetic values exist for those 
who find deep satisfaction in the per- 
formance of creative work; that vital 
political values exist for the nation 
which possesses such fruits of research 
as the atom bomb; that great eco- 
nomic values exist for our country as 
a result of such researches as the 
cracking of oil which has conserved 
our essential mineral wealth. Like- 
wise, I take it for granted that great 
cultural values have come from the 
invention of radio, television, etc. 


These are the broad gage values 
springing from research, and I believe 
that it is these values which really 
motivate most of us in pursuing re- 
search work. 


However, I want to talk only of a 
very narrow measure of values, the 
dollars and cents profits which com- 
prise one yardstick by which to meas- 
ure the value of research. I choose this 
money value measure because I ob- 
serve that as the corporation tax rate 
has decreased from wartime high 
levels, top management has become 
acutely critical about the returns to 
be obtained from the research dollar. 


The glamour of research is good for 
the courtship period, but to keep man- 
agement wedded to the idea of con- 


January 1949 


tinued research requires substantial 
profits in most cases. 

Just a week ago at the Chicago 
meeting of the Industrial Research 
Institute, I was interested to hear 
Robert E. Wilson, Chairman of the 
Board of Standard Oil of Indiana, say 
that he was not a strong believer in 
complex accounting systems which 
sought to separate the costs of each 
research project. “I believe in getting 
a good research director and then 
letting him produce good results.” I 
think this is a splendid idea, but am 
not quite sure how you can tell the 
results are good and hence whether 
or not you have a good research di- 
rector unless you have some good way 
of measuring the merit of these re- 
sults. 

Most Research Divisions, in sub- 
mitting their annual or periodic re- 
ports, call attention to the outstanding 
successes of the past year, and may 
even point out how much increased 
sales has resulted from the new prod- 
uct or how much valuable raw ma- 
terial has been saved as a result of an 
improved yield in a new process. But 
I wish to discuss a more precise audit- 
ing of research. 

In Olin Industries we have had five 
years’ experience with a rather inten- 
sive method of research appraisal, or 
rather — appraisal of development 
projects. 

It is usually fairly easy to evaluate a 
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new process where increased yields 
can be shown or where reductions of 
labor or more effective utilization of 
by-products have been established. 
Nevertheless, it is important to apply 
formal methods to secure financial 
data that will have the same kind of 
acceptance with the Board of Direc- 
tors that data on profit and loss from 
manufacture and sales operations re- 
ceive. 

In Olin Industries when a piece of 
research is completed, a formal report 
called a Technical Proposal is sub- 
mitted to the Works Manager by the 
Research and Development Division. 
This Technical Proposal outlines pre- 
cisely how the proposed process will 
work in his factory. The specifications 
of all materials entering into the pro- 
cess are given. Also, the controls 
which are necessary to establish the 
quality of the final product, and some- 
times of the significant intermediate 
products, are included. Supporting 
data are given for each step in the 
process, based upon laboratory or pre- 
ferably pilot plant runs. The type of 
apparatus used to secure these data is 
described so that factory engineers 
may design appropriate full scale 
equipment, based upon the engineer- 
ing data provided on the small scale 
runs. A Technical Proposal also con- 
tains a statement from the Sales De- 
partment to the effect that the product 
made by this process is acceptable to 
them in comparison with the product 
made by the prior process. The pro- 
cess is also “cleared” by the Patent 
Department so that the Works Man- 
ager need have no fear of patent in- 
fringement. 

An estimate is furnished by the 
Financial Section of the Research Di- 
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vision as to the additional earnings 
which this process should produce 
over the current process. This shows 
the Works Manager the degree of 
importance of putting the process in- 
to use as soon as possible. 

It is a management policy that this 
Technical Proposal must either be ac- 
cepted for plant trial by the factory 
manager or be rejected for causes 
stated, which give the Research Di- 
Vision an opportunity to correct errors 
which have been discovered by the 
scrutiny of the factory staff. Experi- 
ence has shown that these errors can 
be greatly reduced by involving ap- 
propriate members of the factory staff 
in the development project even from 
its earliest stages. 

In order to determine precisely the 
value of the improvement, the Cost 
Accounting Department lays down 
the base line for the costs, as they oc- 
cur in the existing process, as to raw 
material, direct labor, indirect labor, 
finished product, steam, water, power, 
and all pertinent overhead items. The 
same accountants examine the opera- 
tions after the new process has been 
under trial, usually for three months. 
All changes in costs are attributed to 
the new process and are recorded 
quarterly for one year. These process 
savings constitute one item of what is 
known as an Index of Return. It is 
admitted that this recording for one 
year is entirely arbitrary, since the 
improved process may continue in 
operation and earn additional savings 
for many years. However, the main 
point is to secure agreement with top 
management for some acceptable 
method of evaluation and then use 
the information so collected for meas- 
uring the progress from year to year. 
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A real difficulty is encountered 
when an attempt is made to evaluate 
an improvement in an existing prod- 
uct. If the product is not imoroved, 
it may lose the acceptance of the cus- 
tomer or it may require additional 
expense in advertising and sales pro- 
motion to maintain the previous sales 
volume against improved competitive 
products. In the event that increased 
sales in an improved product are se- 
cured, it is almost impossible to de- 
termine to what extent this increase 
is due to the improvement or to the 
extra efforts of the Sales Division. 


After much study, we have adopted 
a plan of recording 3% of the gross 
sales of an improved product as a 
measure of its value. Again this is 
recorded only for one year. Admuitted- 
ly, this percentage is arbitrary and 
may not be appropriate with other 
companies for different types of prod- 
uct. Likewise, the interval of one year 
is arbitrary. The basis upon which 
the number was ‘selected in Olin In- 
dustries was that many progressive 
companies have adopted a policy of 
allotting an amount equal to 3% of 
their gross sales to the research bud- 
get. The argument, therefore, is that 
if 3% of gross sales is needed to main- 
tain the company’s position competi- 
tively, then 3% ought to be regarded 
as a conservative measure of such 
products as are improved. 

Again the endorsement of the Sales 
Department for the improved product 
is a necessary feature of the Technical 
Proposal which transmits the project 
to the Works Manager. 

When a new product is developed, 
the same 3% of gross sales is recorded, 
but this time it is done for a period of 
three years because of the admitted 
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added difficulty of developing a new 
product to its maximum sales. 

These three items — (1) savings 
on improved processes for one year, 
(2) 3% of gross sales of improved 
products for one year, and (3) 3% of 
gross sales of new products for three 
years — are added and called the “In- 
dex of Return.” This Index is com- 
piled each quarter and recorded 
graphically to show comparative 
progress. The same chart records the 
research expense during that quarter. 
Obviously, the expense in that quarter 
is not related to the earnings in that 
quarter since there is always at least 
a year’s, and probably two years’, lag 
between expenditure of research funds 
and the consummation of the project 
in the form of actual production. 


In addition to informing the Board 
of Directors what progress is being 


made from quarter to quarter, the 
same chart carries two other items. 
One is the estimated Index of Return 
for projects, the Technical Proposals 
of which have been accepted by the 
Works Manager, some of which are 
in actual operation but for which 
audited returns are not yet available. 
The other is an estimated Index of 
Return on projects which have been 
completed, but the Technical Pro- 
posals for which have not yet been 
accepted by the Works Manager. 
Both of these items constitute a back- 
log of developments which should 
shortly come into operation, and the 
extent of this backlog informs the 
Directors what can be anticipated in 
the near future. 

Experience has shown that the esti- 
mation of the probable Index of Re- 
turn can be done with sufficient ac- 
curacy to serve as a reliable guide to 
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future operations. Obviously, the esti- 
mates are made by the same technique 
of accounting that is applied to the 
proven operations. 

One important application of this 
device is to permit the management 
of the Research Division to determine 
what projects should be worked on. 
For example, if manpower exists in 
the Division capable of carrying out, 
say, 50 projects, and 70 have been 
offered for consideration on the bud- 
get for the following year, this Index 
of Return device is used to select the 
best projects. An estimated Index is 
prepared for each subject. Obviously, 
if the estimated return is not appre- 
ciably greater than the money to be 
expended in the development, the 
project is thrown out. Selection is 
made of those items which show the 
greatest Estimated Index of Return. 

Use is made of the familiar formula 
which has been mentioned by R. E. 
Wilson, Chairman of the Board of 
Standard Oil of Indiana, and others, 
which comprises the ratio: — esti- 
mated return multiplied by probabili- 
ty of success divided by estimated re- 
search expenditure. Admittedly, the 
significance of this ratio depends on 
the judgment displayed in estimating 
the probability of success, as well as 
the estimates of return and amount of 
expenditure necessary to complete the 


project. In Olin Industries’ operations, 
this racio should be not less than 3 
to 1, or we will be exceedingly du- 
bious about the desirability of start- 
ing the project. Many people who use 
this type of formula may set higher 
ratios, but it should be remembered 
that our returns are recorded only for 
one year for process and improved 
products, and for three years for new 
products. 

Although this device of the Index 
of Return has been used for several 
years to measure the effcctiveness of 
our research edfort, it ought to be 
emphasized that it does something 
else. It measures the ability of the 
factory to take new ideas from the 
Research Division and put them into 
actual practice. It also measures the 
ability of the Sales Department to sell 
the improved or new products. Still 
more broadly, the Index of Return is 
one measure of the success of the total 
corporation in replacing current prod- 
ucts and processes with better ones. 

Perhaps the most significant feature 
of the Index of Return is in the chal- 
lenge it makes to the Research Di- 
rector to enlist fully the cooperative 
effort of Factory and Sales, and to 
demonstrate to top management the 
intimate harmony with which this 
team of Factory, Sales and Research 
does function. 


Chigger-Proof Clothing 


> Cuiccer-proor clothing for outdoor 
workers and vacationers that will keep 
its protective power through as many 
as seven washings can now be pro- 
duced, entomologists of the U.S. De- 
partment of Agriculture have an- 
nounced. The garments are impreg- 
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nated with two hitherto unused chemi- 
cal compounds, phenyl carbonate and 
x,x'-dichlorodipheny] ether. 

The new chigger-proofing method 
is a postwar development in a pro- 
gram undertaken by the Department 
of Agriculture for the Army. 
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Microscopic Green Plant May 
Hold Answer to World Hunger 


Chlorella for Food Needs 


> Tue TEEMING world population of 
the twenty-first century, which some 
scientists already prophesy will be in 
a state of constant famine, may pos- 
sibly escape this doom by learning to 
live on a plant that multiplies even 
faster than mankind’s most prelific 
races. This possibility is held out as 
a speculative hope by two botanists 
of the Carnegie Institution of ‘Wash- 
ington, Drs. H. A. Spoehr and Harold 
W. Milner. 

The plant is the microscopic fresh- 
water alga known as Chlorella. Its 
whole body consists of a single globu- 
lar cell containing a cup-shaped bit of 
chlorophyll wherewith it captures sun- 
light energy to use in compounding 
foods out of inorganic raw materials 
which it gets from the water. It re- 
produces simply by dividing into two 
parts, both of which grow up to the 
original size and then divide again. 
As long as water, sunlight and the 
raw materials for food manufacture 
hold out, it can do this several times 
every day. Theoretically it could 
swamp the whole world with its 
growth, but limiting factors always 
intervene to keep it under control. 

Drs. Spoehr and Milner have dis- 
covered that they can make Chlorella 
produce high yields of either protein 
or fat at will, by manipulating its en- 
vironment and mineral supply. Under 
such controls it can produce as much 
as half its dry weight as protein, or up 
to three-fourths its weight as fat. 
Their calculations indicate that a 
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maximum of 1,390 pounds of fat 
might be produced in a growing 
season by an acre of water surface in 
Chlorella, as against 227 pounds of 
soybean oil or 360 pounds of peanut 
oil on an acre of land. 


These figures are of course as yet 
wholly theoretical, for mass produc- 
tion of Chlorella has not so far been 
undertaken on even a pilot-plant scale. 
However, the two researchers have 
given some thought to the engineer- 
ing problems involved, weighing pos- 
sible advantages of growing the plant 
in glass tubes as against spreading it 
out in three-inch-deep tanks. They 
take into account also the age-old con- 
servatism of both producers and con- 
sumers of foods, as well as possible 
difficulties of processing the dried 
Chlorella masses into products pala- 
table either to human beings or to 
domestic animals that might translate 
the alga into terms of meat and milk. 

Nevertheless, the possibility cannot 
be dismissed as mere speculation. 
Already, mass culturing of yeasts for 
feeding livestock has become econom- 
ic in some parts of the world, and 
there are projects afoot that may make 
this culture a large-scale success in 
our own country. And whereas yeasts 
must be supplied with ready-made 
carbohydrate food, as well as the 
necessary mineral salts, Chlorella 
needs only the latter and can manu- 
facture its own basal carbohydrate 
food-stuffs. 
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Two Types of Carbon Dioxide 
Discovered in the Atmosphere 


Isotopic CO, in Air 


> Our ATMOSPHERE many miles above 
the earth contains small amounts of 
heavy carbon! as well as large quan- 
tities of the more familiar type of 
carbon.™” 

This heavy carbon has been detec- 
ted by Drs. Leo Goldberg, Orren C. 
Mohler and Robert R. McMath, Uni- 
versity of Michigan astronomers 
working at the McMath-Hulbert Ob- 
servatory here. 

Two different isotopic varieties of 
carbon dioxide were detected by these 
astronomers in their research on the 
earth’s atmosphere. Each molecule of 
one of these forms of carbon dioxide 
is composed of two atoms of oxygen’ 
to each atom of heavy-weight car- 
bon.!® Molecules of the other variety 
are made up of one atom of carbon 
to one of the usual variety of oxygen'® 
to one of heavy-weight oxygen.'® 

The presence of these isotopic forms 
of carbon dioxide, the gas that you 
breathe out and that plants need to 
live, was detected through use of the 
sun’s spectrum. 

The spectral lines indicating their 
presence are known to originate in 
the earth’s atmosphere rather than in 
the sun because they appear most 


strongly when the sun is near the 
horizon. At sunrise and sunset, light 
from the sun passes through more of 
the earth’s atmosphere than at other 
times. 

Carbon!® has recently been put to 
work, helping scientists estimate the 
temperature of seas that existed on 
earth millions of years ago. Determ- 
ination of the amount of heavy oxy- 
gen in the fossil skeletons of squid- 
like animals indicates the temperature 
of the ancient seas in which these 
animals lived. . 

While it is not possible at present 
from the sun’s spectrum to estimate 
the relative abundance of these 1so- 
topes in the upper air, the McMath- 
Hulbert astronomers report in the 
Physical Review that they probably 
are found about as often as heavy 
carbon and heavy oxygen at the sur- 
face of the earth. 

About 98.9% of the carbon in the 
lower atmosphere is of the regular 
stable type (C1), and only 1.1% is 
the heavy variety (C%*). It is esti- 
mated that 99.7% of the oxygen in 
the lower atmosphere is of the regu- 
lar type (O%*), and 0.2% is of the 
heavy, rare kind (O"*). 


Ball bearings, often called anti-friction bearings, are used in 
many types of war machines; they are balls of steel shaped and 
polished to one two-hundred-thousandths of an inch, the last 
word in precision fitting. 


Cuts and wounds on oak trees, properly treated with lanolin 
or wool grease, heal in half the time required by untreated 


wounds. 
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> Wir THe British Government's 
decision to build a new 300,000,000- 
electron volt synchrotron at Glasgow 
University, that Scottish city has be- 
come an important center of nuclear 
research in the British Empire. 

Research has been going on there 
for some time using a 30,000,000-elec- 
tron volt synchrotron which was built 
in 1946, the world’s first machine of 
this kind. It has been used for indus- 
trial and medical research work, but 
scientists have been limited by the 
comparatively small scope of the ma- 
chine. 


Glasgow New Center of Atom Research 


The new 150-ton synchrotron is be- 
ing constructed by Metropolitan 
Vickers in association with the Min- 
istry of Supply’s Atomic Energy Re- 
search Establishment and the Univer- 
sity of Glasgow. The machine is to be 
used for fundamental research in nu- 
clear physics and medical research in 
the field of X-rays. 

Large-scale synchrotrons now being 
built in the United States include the 
3,000,000,000-electron volt atom- 
smasher which the Brookhaven Na- 
tional Laboratory at Upton, Long 
Island, N.Y., will finish in three years. 


Molybdenum Needs of Plants 


> Moryspenum, the steel-maker’s 
“seasoning,” is also needed in ex- 
tremely small amounts by plants — 
as little as ten parts per billion by 
fresh weight. To trace these minute 
quantities into and through plants, 
Drs. P. R. Stout and W. R. Meagher, 
University of California plant physiol- 
ogists, have made use of radioactive 
molybdenum isotopes, supplied to 
plants that had been deprived of even 
the slightest speck of the element. 

Molybdenum-starved plants show 
two outstanding symptoms: they lose 
the green color in their leaves, and 
they become unable to make use of 
nitrates taken up by ther roots, piling 
these necessary salts up in their leaves 
to as much as 12 times normal con- 
centration. 

When molybdenum is supplied in 
even very low concentration these 
conditions are corrected in a matter 
of hours. The healthy green color re- 
develops in the leaves, and the ab- 
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normal concentration of nitrates is 
reduced to a more usual level. 

When the radioactive molybdenum 
was traced in plants by placing them 
on photographic film and letting the 
radioactivity register itself in the sensi- 
tive emulsion, it was found that the 
element becomes concentrated almost 
entirely in the leaves, especially in the 
spaces between the veins. Very little 
of it remains in the stems, or even in 
the leaf-veins. 

In another series of experiments in 
the same laboratory, Dr. Richard B. 
Walker, now of the University of 
Washington, studied the effects of 
supplemental supplies of molybdenum 
on plants growing in molybdenum- 
deficient soils. Here again, the plants 
grew pale and sickly-looking, and 
were restored to normal by the treat- 
ment. It was even possible to give 
them their restorative doses of 
molybdenum by painting a solution 
containing it on their leaves. 
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Processing Saves Water and 
Prevents Pollution of Streams 


Wastes Yield Chemical Value 


> Inpustry HAs “gone fishing” in its 
own back yard—but the “game” is far 
bigger than trout or bass, according 
to Charles F. Hauck of the Hall Lab- 
oratories, Pittsburgh. Pulp mills that 
once dumped sulfite liquor into near- 
by streams now salvage it for use in 
making fodder yeast, alcohol disper- 
sives, tanning compounds, vanillin, 
etc.; steel mills and fabricating plants 
are rescuing coagulants and pigments 
from pickling liquors; brewers and 
distillers are making real capital from 
“waste” slops that can be processed in- 
to excellent yeasts, livestock feed and 
vitamin products. 


A case in point is the recent experi- 
ence of a bolt-and-nut factory in Tlli- 
nois. When there were complaints that 
“acid from the factory” was poisoning 
fish and ruining the swimming in the 
river, the plant manager ordered a 
survey to determine what could be 
done to put an end to the nuisance. 
At the outset it seemed to be shaping 
up as a “chore for the public good,” 
with the factory owners footing the 
bill. Investigation showed a 4% con- 
centration of sulphuric acid in the 
waste water from the pickling depart- 
ment—a normal figure, judging from 
the experiences of other fabricating 
plants and mills. But further study in- 
dicated that 2 simple modification of 
procedure to permit the “rescue” and 
re-use of the pickling acid would re- 
duce the loss to three-fourths of one 
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per cent, and the consumption of al- 
kalies used to neutralize the acid like- 
wise was reduced. 


Now the factory reclaims large 
quantities of valuable material that 
formerly went out the drain—and the 
community attitude toward the fac- 
tory might be described as less acid! 


In many instances, survey records 
made by Mr. Hauck, who is an au- 
thority on process water treatment, in- 
dicate that other important benefits 
also accrue from careful*salvaging and 
re-use of “waste” materials. A Texas 
refinery treats its waste waters to avert 
stream pollution—and thereby greatly 
conserves its limited fresh water sup- 
ply. An Ohio steel plant practices water 
thrift to an exceptional degree. Cool- 
ing water is recirculated; drainage 
water from drinking fountains, and 
filter wash water, are returned to the 
raw-water reservoir for re-use; even 
boiler blowdown and ash spray waste 
water are retained in the mill water 
circuit. 

A large West Coast steel plant, lo- 
cated in a region where the supply of 
raw water is limited, recirculates cool- 
ing water and re-uses effluent water 
from its sanitary and industrial waste 
treatment works. The plant’s liquid 
wastes are completely treated at this 
plant in order to avoid complaints 
from farmers of the area. The only 
water leaving the closed potable and 
mill water circuits is that lost through 
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windage and blowdown. Hardness of 
water in the mill circuit is controlled 
by shunting part of the supply through 
a cold process softener. 


Industrial plant managers point out 
that care taken to recirculate and re- 
use water supplies frequently has this 
added advantage: Supply lines for 
fresh water, and sewer lines for dis- 
posing of water no longer useable, 
may be smaller and therefore less cost- 
ly to install and maintain. 


A survey of the various uses of water 
in a plant often reveals opportunities 
for important savings through re-use. 
Mr. Hauck reports that compressor 
and other cooling waters can be ad- 
vantageously used at increasing tem- 
perature levels. Similarly, process water 
may be utilized at increasing concen- 
tration levels. Diversion of water used 


for cooling to process use is proving 
profitable in a ceramics plant. Econo- 
mies in heat, water and water-condi- 
tioning chemicals are realized from 
such operations. 


Of increasing importance in areas 
where the water supply is not plenti- 
ful is the practice of re-charging cool- 
ing waters to underground formations 
for later re-use. In Long Island, there 
are more than 250 “recharge wells” 
for this purpose, according to a recent 
report by U.S.G.S. engineers. Arti- 
ficial ground-water recharge also is 
accomplished in some localities by use 
of spreading areas, basins, or ditches. 
In California, artificial recharge of 
ground water by use of spreading areas 
over permeable terrain is practiced to 
a considerable extent. These examples 
indicate that such an approach to the 
problem may be important to the 
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manager of practically any factory or 
plant, regardless of locality. 

Not only may va'::2ble materials 
and water go out the drain; acids or 
other substances in waste water fre- 
quently cause enormous damage to 
industrial water supplies, river and 
lake shipping, power plants and other 
equipment and thus create heavy 
added expense for the industrial com- 
munity. An example may be found in 
damage estimates published by the 
U.S. Public Health Service following 
a study of the effects of mine acid 
drainage in the Ohio River Valley. 
Total annual damages, the report says, 
are: Domestic water supplies, $364,000; 
industrial water supplies, $407,000; 
steamboats and barges, $1,143,000; 
power plants, $76,000; other, $81,000. 

In view of the fact that industry and 
business foot the bill, directly or in- 
directly, for practically all these items, 
it is reasonable to conclude that they 
suffer far greater losses, although pub- 
lic sentiment regarding stream pollu- 
tion may be far more vocal and wide- 
spread. 

In 1946 a study of expenditures for 
treatment chemicals for water at 
Wheeling, West Virginia, showed that 
their cost had risen from about $2.55 
per million gallons of water in 1938-9 
to approximately $6.65 in 1943-4. From 
this sharp rise, even allowing for the 
fact that wartime conditions tend to 
send costs up, it may be assumed that 
industry in the Ohio Valley is paying 
substantial sums, directly and indirect- 
ly, for using grossly contaminated 
water. 

Industry is turning to the use of 
sewage plant effluent for various pur- 
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poses, Mr. Hauck reports. In some in- 
stances it may be used in place of fresh 
water—a notable illustration being that 
of the Bethlehem Steel Company plant 
at Sparrows Point, Maryland. There it 
was discovered that the water table of 
the underground supply was receding 
steadily through the years—from 10 
feet in 1898 to 150 feet static level in 
1940. The plant depended heavily on 
this supply—pumped 20 million gal- 
lons a day from it. Salt water con- 
tamination also was aggravating the 
problem. 


After much study the company ne- 
gotiated an agreement with the city of 
Baltimore to purchase 20 to 40 million 
gallons of effluent a day from the Back 
River Municipal Sewage Plant. As a 
result of its use of the effluent, Bethle- 
hem was able to curtail the rate of 
withdrawal from its underground 
water resources from 15,000 gallons 
per minute to 3,500. The water table 
was restored to a “comfortable” level 
of 80 feet. 

“Saveall” has become a word to con- 
jure with in the paper industry, where 
it is applied to the methods and means 
by which white water is treated for 


recovery of valuable fiber, filler, heat 
and the water itself. One ground-wood 
mill recently reported savings averag- 
ing $268.08 a day, and a soda pulp 
mill a saving of $332.53 a day, through 


use of vacuum filter saveall operations. 


Throughout industry, it is being 
proved repeatedly that “the mill can 
be made to grind with water that is 
passed.” Recovery of valuable materi- 
als, heat and water can save a pretty 
penny. The net cost of waste water 
treatment is reduced through applica- 
tion of re-use techniques. Over-all costs 
for water used in the plant are low- 
ered. And in many instances the plant 
or factory can produce and market by- 
products from “waste” and thus de- 
fray all or a substantial part of the 
cost—occasionally with a worthwhile 
profit as well. 

In most instances the plant or fac- 
tory cannot recover enough valuable 
materials and water to defray all the 
cost of waste water treatment but finds 
it must take action. Such treatment is 
not expensive. An analysis by indus- 
tries shows that generally it is insigni- 
ficant compared with the benefits that 
accrue. 


Permanent Dimensions in New Iron 


> “GROWTH-RESISTANT’ Cast iron, suit- 
able for use in stoves, furnaces, melt- 
ing pots and gas or oil burners, was 
revealed recently by Battelle Memorial 
Institute where it was developed. 
This iron, unlike ordinary iron used 
for making castings, acquires no 
permanent extension in size when re- 
peatedly heated in use to high tem- 
peratures. The result is it can be em- 
ployed to make stove tops that will 


36 


not warp, furnace bowls that remain 
true and airtight for years, and burn- 
er parts that may last indefinitely. 
The new iron is a high-silicon prod- 
uct, the silicon being the element 
which gives it “growth” resistance. It 
contains also minor amounts of cop- 
per and chromium to make it resist 
scaling at high heat. It maintains satis- 
factory growth, scaling and impact 
properties up to 1,700 degrees F. 
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Behavior of Mold Drug Seen 
Like Soap or Other Colloid 


Penicillin Surrounds Germ 


> PeNIcILLIN attacks germs in much 
the same way that soap attacks dirt. 


Recent research has shown that 
when a penicillin solution is added 
to a bacterial culture under the proper 
conditions the drug literally surrounds 
the enemy, by coating the individual 
bacterial cells, according to a paper 
presented by Professor Ernest A. 
Hauser, R. G. and J. W. Phillips and 
Dr. Ivan Vavruch of the Massachu- 
setts Institute of Technology to the 
Twenty-second National Colloid Sym- 
posium of the American Chemical 
Society. Soap removes dirt by coating 
each particle and floating it away. 

Investigation of how penicillin per- 
forms its spectacular life-saving work 
“has opened up dn entirely new way 
of evaluating the cause for antibiotic 
properties of matter which deserves 
far more attention than it has received 
so far.” 

“Penicillin is today unquestionably 
not only the most potent but also the 
most talked-about antibiotic,” the 
paper declared. “The amount of work 
devoted to establishing its chemical 
composition is monumental. Very 
little work has been carried out so 
far, however, to ascertain how this 
antibiotic actually performs its func- 
tions.” 

Until recently, it was pointed out, 
the most commonly used preparations, 
such as sodium penicillin, had been 
classified as simple salts like sodium 
chloride, or table salt. The similarity 
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of the molecular structure of peni- 
cillin to that of soap was so striking, 
however, that it was decided to study 
penicillin’s antibiotic property in the 
light of the teachings and techniques 
of colloid chemistry, the branch of 
chemical science dealing with the 
peculiar behavior of small particles 
such as those making up soap bubbles, 
mayonnaise, smoke, and printer’s ink. 


When it was found by ultrami- 
crospic investigations that the peni- 
cillin solutions were not true solu- 
tions, such as ordinary salts yield, but 
colloidal solutions resembling soapy 
water, it was further decided to study 
their surface tension, or ability to wet 
a surface. The results provided addi- 
tional proof that penicillin salts, when 
put into solution, form a colloidal 
solution which will wet a surface 
just as soaps do, the report said. The 
penicillin salts also carry an electric 
charge, as soaps do, and therefore 
have the tendency to cling to surfaces 
with an opposite charge. 


The recent announcement that the 
addition of very small quantities of 
cobalt chloride will appreciably in- 
crease the antibiotic activity of peni- 
cillin was no surprise to colloid chem- 
ists, according to the paper, which 
said: 

“As revolutionary as this discovery 
might have sounded to the medical 
profession and to the organic chemist, 
the colloid chemist can not only offer 
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an explanation, but cite several com- 
parable examples.” 


That penicillin coats bacterial cells 
just as soap coats oil droplets in an 
oil-in-water emulsion has been visual- 
ly demonstrated by means of the tech- 
nique known as ultra-violet light 
microscopy, the report stated. 

“Penicillin salts fluoresce if exposed 
to such illumination,” it was explain- 
ed. “When bacterial cultures in dis- 
persion are studied in such light no 
fluorescence is apparent. Upon addi- 
tion of a penicillin sol, however, the 
surface of every bacterium fluoresces 
immediately, indicating that the anti- 
biotic has been adsorbed on the sur- 


face and now acts as a coating of the 
bacterial cell. 


“Admittedly much more work will 
have to be done before these seeds can 
be harvested to the advantage of 
humanity. The colloid chemist has 
sown the seeds: it is now up to the 
medical profession to see to it that 
they grow.” 


Dr. Vavruch, one of the co-authors 
of the paper, is a Czechoslovakian 
chemist who is pursuing advanced 
studies at M. I. T. on a grant pro- 
vided by the American Chemical 
Society through UNESCO, the United 
Nations Educational, Scientific and 
Cultural Organization. 


Chemical Library Reinforced - 


Chemical journals published in 14 
different countries are subscribed to 
by the John Crerar Library with funds 
provided by the Chicago Chemical 
Library Foundation. 


Subscriptions to about 40 periodi- 
cals are entered. Included are nine 
Russian, 12 German, and five British 
journals, as well as periodicals pub- 
lished in Japan, the Ukraine, 
Austrialia, India, Brazil, Spain, Ar- 
gentina, Sweden, South Africa, Den- 
mark, and the United States. 


The Chicago Chemical Library 
Foundation was started last year as a 
joint project of two chemical groups 
—the Chicago Section of the Ameri- 
can Chemical Society and the Chicago 
Chemists’ Club. Funds are being 


raised by contributions from Chicago 


area companies employing technical 
personnel. 

In addition to current journals, the 
foundation also intends to provide 
Crerar with money to build up back 
files of publications and to buy books 
of interest to chemists. 

“Indicating the extent of periodical 
literature in the chemical field, there 
are now more than 4,300 publications 
in 31 languages indexed by Chemical 
Abstracts, a publication covering all 
published material of importance to 
chemists,” Herman H. Henkle, 
librarian, said. “Of these Crerar, the 
world’s largest free public library de- 
voted exclusively to science and tech- 
nology, has roughly 3,500. Crerar re- 
ceives and has back files on all of the 
100 or more journals most frequently 
cited in Chemical Abstracts.” 


Aluminum is attacked by alkalies and is resistant to most 
acids; magnesium is attacked by most acids but resists alkalies. 
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Taste Tells, and Professionals 
Set Standards for Food 


The Methodical Gourmet 


From the Arthur D. Little Industrial Bulletin 


> A.tHoucn flavor may decide mil- 
lions of dollars’ worth of business, it 
is a most difficult property to measure. 
For many traditional food products, 
such as coffee, tea, spice, wine, butter, 
and cheese, flavor largely determines 
grade, and hence price. Here trained 
tasters or scorers are the measuring 
“instrument,” judging not by personal 
preference, but by specifications con- 
sidered acceptable to buyers in gen- 
eral. Public acceptance changes so 
slowly that these professional tasters 
can follow trends. Each type of taster 
is effective only in his own field. 
Butter scorers are inspectors who look 
for specific flavor characteristics and 
can judge them with acceptable ac- 
curacy. Expert tea tasters, as an ex- 
ample of the professional taster, can 
identify hundreds of different teas; 
they can also tell the variety, the 
season the tea was picked, and the 
processing procedure. Their work is 
recognized by the Government in the 
setting of standards for grading tea. 


Where new or improved foods are 
being created, an institution called 
the “taste panel” has come into use. 
These panels, composed of from three 
to a dozen or more persons, are really 
research tools for the close comparison 
of products, usually only two at a 
time, to evaluate progress. The panel 
members are scientifically selected and 
trained to handle technical phases of 
the development. They work against 
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standards, actual or idealized. Where 
decisions are close, their findings are 
subjected to statistical analysis. 

There are two types of taste panels 
— the open discussion type, and the 
closed independent type. In a group 
panel of six or eight tasters, samples 
are judged by the group as a whole. 
This type of discussion is valuable in 
investigative work for trouble shoot- 
ing, such as detection of off flavors, 
or product improvement. Such panels 
are not used for formal scoring of 
merit, but to discuss individual char- 
acteristics and variations. When panel 
members are introduced to an un- 
familiar product, or when scoring 
tests will be required, open tasting 
and discussion are often helpful. 


Closed panels, for more accurate 
scoring, are composed of tasters work- 
ing alone. Closed panel work is usual- 
ly best for direct comparison of the 
quality of two samples. From six to 
thirty or more members give each 
sample a numerical rating and fre- 
quently also add a written comment. 
In a quiet, odorless, and well-lighted 
room, the taster compares the samples 
with each other and usually with a 
standard. With a larger number of 
samples, successive tests are made, for 
sense fatigue develops rapidly. The 
numerical listings for all the panel 
members are then averaged, and the 
comments tabulated in chart form. 

The taste panel is not adapted to 
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appraisal of public reaction to new 
products, because panel members are 
not a sufficiently representative sample 
of the public. For judging buyers’ re- 
actions to established products, indi- 
vidual scorers, working to accepted 
standards, are effective. For new 
preparations, a relatively large-scale 
poll of the representative market is 
preferable. Each kind of taster unit 
has a distinct and valuable place in 
the subjective evaluation of foods. 
An objective means for evaluating 
flavor through its components, taste 
and odor, is highly desirable, but at 
present such techniques are only in 
the embryonic stage. One research 
team has proposed a hypothesis that 


offers some hope of eventual success 
in the objective measurement of odor. 
The assumption is that odors are scn- 
sations produced through absorption 
by the odor-exciting substances of the 
infra-red rays emitted by the smelling 
area in the nose. If proved correct and 
usable, it opens up some attractive 
long-range possibilities for odor de- 
tection or recording with instruments. 
Early work on this subject was carried 
on some seventy years ago, but has 
subsequently been ignored or for- 
gotten. Currently, and probably for 
the immediate future, reliance is be- 
ing placed on methods utilizing the 
human senses, and these methods are 
steadily being improved. 


Oil From Tobacco Seeds in India 


> Om rrom the seeds of Virginia 


tobacco may help to relieve a shortage 
of linseed oil in the paint industry of 
India. Experiments indicate that to- 
bacco seed oil may actually replace 
linseed oil in some varieties of paint 
products. 

Tobacco seed oil has been found to 
be a better ingredient for rosin varn- 
ishes than the established linseed oil 
in research by two Indian scientists. 
M. Narasimha Rao and S. V. Ra- 
manayya, of Andhra Vegetable Oil 
Products Ltd. and Kanakamba Paints 
& Varnishes Ltd. at Bezwada, report- 
ed their findings in the Indian Journal 
of Scientific and Industrial Research. 

Film formed by tobacco-seed oil is 
more flexible than that formed from 
linseed oil. This makes it valuable in 
the rosin varnish industry. Main 
drawback of the oil from tobacco seed 
is its tackiness on standing. The oil 
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can be considerably improved by treat- 
ment with sulfates, bisulfates and 
allied salts, but then the luster which 
tobacco seed oil has is decreased. In- 
dian scientists are trying to find a 
method which will both decrease the 
tackiness of the oil film and make it 
dry faster without destroying the lus- 
ter. 

Virginia tobacco is grown in con- 
siderable quantities in India. It covers 
about 150,000 acres in Guntur, Kistna 
and Madras. The seed is completely 
free from nicotine and is very tiny 
and tough, which makes crushing it 
for oil rather difficult. 

Tobacco seed oil is used in Bulgaria 
for food purposes, but when it was 
used in India to adulterate peanut oil 
the users complained of biliousness. 
The Indian scientists believe that by 
special refining the tobacco seed oil 
may also be used in food. 
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Largest Segment in Nation's 
Manufacturing. Says Report 


Chemical Process Industries 


> AMERICA’S CHEMICAL process indus- 
tries, which make basic chemicals and 
scores of related products such as 
plastics, drugs, cosmetics, paints and 
fertilizers, have grown so rapidly in 
the past twenty-five years that they 
now represent the largest segment in 
the nation’s total manufacturing enter- 
prise. 


With a total sales volume of more 
than $11,000,000,000 in 1947, these 
industries, in which chemistry has an 
important role or in which raw ma- 
terial undergoes chemical change, sur- 
pass such basic industries as steel and 
food production, declares the report, 


prepared by M. F. Crass, Jr., assistant 
secretary of the Manufacturing Chem- 
ists’ Association, appearing in Indus- 
trial and Engineering Chemistry. 

The Federal Reserve index shows 
an increase of 340% in the output 
rate of chemicals and allied products 
between 1923 and 1947. Although 
total production in these fields fell off 
last year from the wartime peak of 
1943, the volume of basic chemicals 
consumed by industry was greater 
last year than in 1944, the top year 
for this group. 

The trend since 1940 has shown a 
rate of activity in industrial chemicals 
far greater than that for all manu- 
facturing industries, with the spread 
between the two classifications con- 
tinually widening. All indications 
point toward a continuation of this 
trend for some time to come. 
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The report quotes Department of 
Commerce figures showing that $600,- 
000,000 was paid in taxes by makers 
of chemical and allied products, who 
also paid nearly $400,000,000 in divi- 
dends in 1947. Payrolls amounted to 
nearly $2,000,000,000. 


Despite the vast expansion and 
mounting costs in the chemical pro- 
cess industries, prices for their prod- 
ucts increased by less than half of the 
advances made by those for all other 
commodities and, in the depression 
years, dropped in about the same pro- 
portion, according to Bureau of Labor 
Statistics cited in the survey. 

In June, 1947, the basic chemical in- 
dustry employed 198,000 workers, an 
all-time high and an indication of its 
phenomenal development since 1923, 
when 77,254 employees were engaged 
in it. The record for manufacturers 
of chemicals and allied products was 
attained in April, 1943, with about 
750,000 employees, and the subse- 
quent drop to 563,000 in 1947 was in 
line with the postwar decline in all 
industry. It was occasioned by cur- 
tailment in such fields as ammunition 
loading, smokeless powder and high 
explosive production. 

Principal reasons for the rapid 
growth of chemical processing in this 
country, it is stated, are the progres- 
sive attitude of management, expand- 
ing research, the ability to create new 
and better products to meet the de- 
mands of ever-growing markets, and 
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the fact that the chemical industry is 
a primary producer for virtually all 
manufacturing and non-manufactur- 
ing industries, as well as a consumer 
of its own output. 


The report characterizes research 
as “the keystone of development and 
progress in the chemical industry. In- 
dustrial chemical producers alone are 
spending $65,000,000 annually for re- 
search. 

“These factors have facilitated the 
ever-upward trend of production in 
the chemical industry and have made 
it substantially less sensitive to the 
elements that cause peaks and valleys 
in the production trends of other in- 
dustries,” it is noted. 


The specialized nature of chemical 
operations and the high capital in- 
vestment per employee of about $13,- 
500 in 1947 has required personnel 
of higher than average intelligence, as 
reflected by Bureau of Labor Statistics 
last January showing that chemical 
production workers were receiving an 
average weekly wage of $60.97, com- 
pared with $52.17 paid by all manu- 
facturing, the report states. Hourly 
rates were $1.47 and $1.29, respective- 
ly, it points out. 

“Increased purchasing power of 
chemical employees over the years has 
been one of the factors which have 
resulted in a high degree of labor 
stability, in contrast to that of many 
industries,” the report continues. “The 
trend of chemical wages has more 
than kept pace with the cost of living 
index. Relatively speaking, very few 
strikes have taken place in chemical 
plants during the past two decades.” 

An important result of the expan- 
sion of the chemical process industry 
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has been its decentralization, accord- 
ing to the report which says that in 
1929 about 84 per cent of the nation’s 
basic chemicals were produced in the 
Northeastern area, and principally in 
New Jersey, New York, Pennsylvania, 
Ohio, Michigan and Indiana. The 
latest official statistics, not yet released, 
will undoubtedly show a large altera- 
tion in this situation owing to wide- 
spread erection of chemical produc- 
tion facilities in the Middle Atlantic, 
West Coast and Southwestern areas, 
it is predicted. 

The Far West, especially California, 
Nevada and Washington, has a fast 
growing chemical industry as 1 result 
of cheap hydroelectric power and the 
proximity of raw materials such as 
petroleum, natural gas, salt and tim- 
ber, the report continues. 


Before 1930, the Southwest (Texas, 
Arkansas, Louisiana and Oklahoma) 
boasted little in the way of chemical 
production, but the opening that year 
of the East Texas oil and gas fields 
coupled with low power costs, tide- 
water facilities and “almost unlimit- 
ed” deposits of sulfur, sait and lime- 
stone have made the region “a poten- 
tial treasurehouse for the manufac- 
ture of chemicals.” 

More than $1,000,000,000 has been 
invested in chemical facilities there, 
the report says, making it one of the 
most important new factors in the 
industry since 1923. 

The United States is termed the 
leader in the world’s chemical trade 
in a supplementary report, written by 
C. C. Concannon, chief of the Chemi- 
cal and Health Products Office of the 
Department of Commerce Office of 
International Trade. 
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The total value of the nation’s 1947 
chemical foreign trade was $1,205,- 
000,000, Mr. Concannon says. Of this 
$882,000,000 was in exports and 
$323,-000,000 in imports. 


Canada was the best chemical cus- 
tomer of the United States, buying 
$117,600,000 in goods, while the 
largest amount of chemical imports 
$61,000,000, came from Argentina. 


Products From Silicones Predicted 


> Ols, creases, resins, rubber and 
other products of the relatively recent- 
ly developed silicones, a new chemi- 
cal family, are sure to be followed by 
many new products, the American 
Society of Mechanical Engineers was 
told recently by K. W. Given of the 
chemical department of General Elec- 
tric, Pittsfield, Mass. Some of these 
new products will be available soon. 
Because of the ability of the sili- 
cones to withstand extremes of heat 
and cold, to resist moisture and to re- 
main unaffected by most other chemi- 
cals, some of their uses will be revo- 
lutionary, he said. Glass cloth soaked 
in silicone resin produces an electrical 
insulation which will withstand great 
heat, and silicone varnishes, enamels 
and paints produce finishes that resist 
acids, alkalis, fresh or salt water, oils 
and weather. A water-repelling sili- 
cone film will have many uses. 
Silicones are made from organic 
compounds plus silicon, one of the 
earth’s most plentiful elements. About 
76% of the earth’s crust is composed 
of silicon and oxygen, the components 
of sand. Studies of silicon chemistry 
have extended over several decades, 


but the development of the silicones 
and their applications was hastened 
by the wartime need of the armed 
services for a material resistant to 
heat, cold and chemical action. 


In the manufacturing process, sili- 
con is ground and mixed with certain 
chemicals in a reactor. Gas is formed, 
from which is made a liquid, the basis 
of silicone products. 


Among these chemicals, Mr. Given 
stated, is one with a name of 31 let- 
ters, “polyorganohalogenopolysilox- 
anes.” The vapor from one form of 
this liquid forms a sub-microscopic 
water-repellent film. Porous porcelain 
filters treated with it will permit the 
passage through them of compressed 
air, gasoline and solvents, but not 
water. 


Other uses for unis film are for 
windshields, camera lenses, textiles 
and paper. A silicone water repellent 
film may some day be used to treat 
cloth for clothing, he said. At the end 
of a walk in the rain the beads of 
water on the clothing could be shaken 
off, the clothes remaining neatly 
pressed. 


Experiments with silkworms in Brazil indicate that 10 crops of 
cocoons can be produced annually through a process of artificial 
refrigeration to furnish the low temperatures necessary in the 


life cycle. 


Biological specimens have been preserved for study or display 
embedded in blocks of transparent plastics. 
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Chemical Processes and Materials 
Among New Patents of the Month 


New Methods in Chemistry 


To obtain complete specifications of 
any patents, order by number from 
the Commissioner of Patents, Wash- 
ington 25, D. C., enclosing 25 cents 
per patent in coin, money order or 
Patent Office Coupon, but not in 
stamps. 


> Uranium pevuteripe, which is the 
compound formed by the union of 
uranium and deuterium, or double- 
weight hydrogen, can be produced 
with greater efficiency and safety by 
a method on which USS. patent 2,452,- 
139 has been issued. The method was 
developed in the chemistry labora- 
tories of Iowa State College at Ames 
by Dr. A. S. Newton, now of the Uni- 
versity of California; he has assigned 
his rights to the Atomic Energy Com- 
mission. 


Uranium deuteride is of potentially 
great importance in technical develop- 
ment of large-scale atomic energy. It 
also forms a convenient method for 
storing deuterium without the use of 
heavy pressure tanks, since it is a solid 
in powder form; the deuterium can 
be released whenever desired simply 
by heating it. 

In Dr. Newton’s method, the deu- 
terium is first concentrated to a high 
degree — 90% or more. This gas, 
thoroughly dried, is brought into con- 
tact with solid uranium at a tempera- 
ture between 150 and 400 degrees 
Centigrade and a pressure of less than 
one-half atmosphere. As fast as the 
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compound forms, it falls off as a 
powder, constantly exposing fresh re- 
action surfaces. Dr. Newton claims 
superiority over an older method, 
which involved some risk of hydrogen 
explosions. 

Safer Explosive 

> An eExpLosive that can be used for 
the same purposes as nitroglycerine, 
but far less “touchy,” has been pro- 
duced by E. S. Shanley of Grand 
Island, N.Y., and H. O. Kauffmann 
of Eggertsville, N.Y., hy compound- 
ing hydrogen peroxide, glycerine and 
water. In suitable proportions, this 
can be exploded with a detonating 
cap, but will not respond to mechani- 
cal shock, even when hit by a rifle 
bullet. Rights in the patent, No. 2,- 
452,074, are assigned to the Buffalo 
Electro-Chemical Company, Inc. 
Better Lighting 

> Fivorescent Lamps that give off 
little ultraviolet radiation and hence 
are easy on eyesight are the subject 
of patent 2,452,518, assigned to Syl- 
vania Electric Products, Inc., by 
Laurence Burns of Swampscott, Mass. 
The phosphor, or luminescent lining 
of the tubes, contains manganese-lead- 
activated ealcium silicate and uran- 
ium-activated calcium fluoride. 
Fire-resistant Wood 

> Woop is made fire-resistant by a 
coating of boiled starch to which am- 
moniacal copper sulfate and diam- 
monium phosphate or certain other 
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chemicals have been added, in the 
invention of Dr. Grinnell Jones and 
Walter Juda of Cambridge, Mass., and 
Samuel Soll of Boston. Under the at- 
tack of flame, the starch becomes an 
activated carbon layer, resisting the 
action of heat and protecting the 
wood underneath. Patent 2,452,055, 
issued on this invention, is assigned 
to the Albi Manufacturing Company. 
Synthesis Gas From Shale 

> SyntuEsts cas, which is a mixture 
of hydrogen and carbon monoxide 
much used in industrial processes of 
many kinds, can be produced cheaply 
from oil shale and low-grade natural 
gas by a process on which USS. patent 
2,452,634 has been granted to Dr. 
Alfred Clark, Phillips Petroleum 
Company chemist. 


Oil shale and air, or even pure 


oxygen, are fed in at one end of a 
heated chamber, while carbon diox- 
ide and steam enter at the other. 
Their reaction results in the produc- 
tion of the desired synthesis gas. 
When the spent shale, still hot, is 
withdrawn from the reaction chamber 
it is kept in contact with it on the 
outside, so that its heat may be sal- 
vaged for bringing the next batch of 
fresh shale up to reaction tempera- 
ture. 


Water Chlorination 

> AN IMPROVEMENT in water chlorina- 
tion is the basis of patent 2,452,928, 
issued to Clifford A. Hampel of 
Harvey, Ill. It consists in the addition 
of chlorine dioxide as well as chlorine 
to the water. Advantages claimed are 
better kill of bacteria, algae and other 
organisms, and the elimination of off- 
tastes, especially likely to arise when 
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the water is polluted with phenolic 
factory wastes. Rights in the patent 
are assigned to the Matheson Chemi- 
cal Corporation. 


New Glass Preserves Beer 


>A new Type of bottle glass that pre- 
vents the development of off tastes in 
beer is offered by E. C. Uihlein of 
Grafton, Wis., and J. W. Lawrie of 
Milwaukee for patent 2,452,968, which 
they have assigned to the Jos. Schlitz 
Brewing Company. 

Longer light waves, they explain, 
help preserve the proper flavor in beer 
by reducing protein oxidation, where- 
as shorter waves hasten its spoilage 
by promoting protein agglomeration 
and mercaptan production. Accord- 
ingly, their new glass is a light filter 
that cuts off all radiations shorter than 
5,600 Angstroms, which is about the 
middle of the yellow part of the spec- 
trum, while it passes through the rays 
from there down into the zed end. 


Waxy Coals Made Cokable 


> One opstTAcce to the development 
of a steel industry in the West has 
been the scarcity of good coking coals. 
The abundant coals of the Utah type 
have such a high content of waxes 
and oils that they cannot be converted 
into coke “as is.” 

In an endeavor to overcome this 
difficulty, Ernest J. Schabelitz of Rin- 
con, Calif., has developed a solution 
method for removing these objection- 
able substances, on which he received 
U.S. patent 2,453,543. He uses ethyl- 
ene dichloride as solvent, simply 
soaking mine-run coal in it for an 
hour or so. The waxes and oils are 
separated from the drained-off solvent 
by distillation and processed for in- 


45 
























































































































































































































dustrial uses. The solvent is condensed 
for re-cycling. The coal, after residual 
solvent has been removed by low- 
temperature heating, is ready for 
coking. 

Refinery Dregs into Fuel 

> Tue rast dregs of the oil-refining 
process, known to the industry as 
“bottoms,” are up-graded into a good 
fuel by the addition of finely ground 
oil coke, another former nuisance 
product, in the process on which Carl 
S. Reed of New York has obtained 
patent 2,453,641, which he has assign- 
ed to the Lummus Company. 

The coke powder is mixed with oil 
to form a paste, which is stirred into 
the bottoms. The mixture is then 
flowed through a cracking zone, 
where some of the excess carbon in 
the liquid becomes attached to the 
coke particles, and the lighter petrol- 
eum fractions are cracked off for 
higher-grade fuel. The coke-charge j 
heavy stuff also has high heating 
value. 

Acetylene to Carbon Black 

> Carson BLAcK, a highly refined 
kind of made-on-purpose soot useful 
in the electrical industry, as filler in 
automobile tires and for a hundred 
other industrial applications, can be 
produced in extra-high quality trom 
acetylene, one of the cheapest of in- 
dustrial gases, according to the process 
on which patent 2,453,440 has been 
issued to two Canadian inventors, 
Charles Kaufmann and Ronald H. 
Hall of Shawinigan Falls, Que., as- 
signors to Shawinigan Chemicals, 
Ltd., of Montreal. The gas is flowed 
into a heated firebrick-lined retort six 
inches or more in internal diameter, 
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where it is dissociated into carbon and 
hydrogen. The carbon comes out in 
the form of carbon black; the hydro- 
gen is of course saved for its high in- 
dustrial value. 

Resin From Lignin 


> Licnin, the “useless” compound 
left after wood, crop stalks and other 
cellulosic matcrials have been chemi- 
cally utilized, is converted into a syn- 
thetic resin by treatment, under heat, 
with caustic soda, in the process on 
which patent 2,453,213 has been 
granted to Eduard Farber of Wash- 
ington, D. C. 

Gluten Separation 

> For sEPARATING out sticky gluten in 
the preparation of commercial wheat 
starch, L. B. Edsall of Wyandotte, 
Mich., and A. K. Kilander of Gibral- 
ter, Mich., have developed an appara- 
tus in which the starch is floated up 
to the sides of a tank and there drain- 
ed off, while the gluten settles to the 
bottom and is removed through per- 
forations in a series of pipes. This in- 
vention is covered by patent 2,453,310. 
Fuel From Sulfite Liquor 

> Waste sutrire liquor, that copious 
and troublesome byproduct of the 
paper-pulp industry, is reduced from 
its watery thinness to a concentration 
that makes it a good fuel by a new 
electric heating process on which U.S. 
patent 2,453,775 has been issued to 
two Canadian inventors, Laurence R. 
Beath and Harold S. Hill, of Keno- 
gami, Que. 

Previous concentration processes, 
they explain, have all depended on 
simple evaporation by heating. This 
quickly lines the evaporating vessels 
with a crust of calcium salts, that re- 
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duces the efficiency of the operation 
and is also very hard to remove. 

To get around this difficulty, the 
two inventors heat the liquor by pass- 
ing a strong current of electricity 
through it as it flows through a closed 
chamber, to prevent boiling. From 
there, it passes into another chamber 
where the pressure is lower, permit- 
ting vapors to come out. Among these 
is sulfur dioxide, which can be im- 
mediately re-used in the pulp-making 
operations. 

Rights in the patent are assigned to 
Price Brothers and Company, Ltd., of 
Quebec. 


Goldenrod Rubber 


> Wuen Tuomas A. Epson died, 17 
years ago, his immediate associates 
lost interest in his project for getting 
rubber out of goldenrod. But scientists 
of the U.S. Department of Agricul- 
ture have persisted. Now three of 
them, Nandor Porges, Elisha F. Pol- 
lard and James*J. Spadaro, at the 
Southern Regional Research Labora- 
tory at New Orleans, present a meth- 
od by which the harvested plants are 
decomposed by microorganisms in- 
stead of being chewed to shreds me- 
chanically or subjected to chemical 
digestion. After this bacterial diges- 
tion, the mass is first extracted with 
acetone to get rid of as much resin as 
possible, then with benzol to dissolve 
out the rubber. Rights in the patent, 
No. 2,453,858, have been assigned 
royalty-free to the government. 
Curare Preparation 

> Tusocurare, the South American 
Indian arrow poison now put to 
medicinal use by the white man, is 
purified by a new process developed 
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by Frank A. Stidt, of the research 
staff of Eli Lilly and Company, who 
are assignees of his patent, No. 2,453,- 
873. After removing impurities by 
alcohol treatment, the active principle 
of the drug is adsorbed on activated 
alumina, then the curare is selectively 
redissolved in alcohol. 


New Weed Killers 


> Tree Britis chemists, W. A. 
Sexton, R. E. Slade and W. G. 
Templeman, have received patent 2,- 
453,983 on a new group of 2,4-D-like 
weed-killing chemicals, of which the 
chlorophenoxyacetic acids and their 
naphthyl analogues are the founda- 
tions. Rights in their patent are as- 


signed to Imperial Chemical Indus- 
tries, Ltd. 


Infrared Bakes Bricks 

> Bakinc pricks without fire and 
curing pottery without kilns are pos- 
sible with a combination infrared and 
induction heating apparatus recently 
patented. The infrared is used option- 


ally in connection with the electrical 
heating. 


The inventor of this ovenless, kiln- 
less, ceramic-curing apparatus is John 
M. Middleton of Harrisburg, Pa. 
Patent 2,454,708 was awarded him. 


This ceramic-curing apparatus in- 
cludes a horizontal endless conveyor 
belt on which the shaped objects of 
clay are carried through the heating 
zones. They first pass under a bank 
of infrared lamps on or off as wished, 
which if used dehydrate them to a 
certain extent. They then pass a high 
frequency induction coil for complete 
curing. The method does in seconds 
what by older processes requires days. 


47 





> Prastic AcE packaging sees vinylite bags, made by Kestral of Springfield, 
Mass., being stuffed with wet butyral mix at Carbide and Carbon’s South 
Charleston, W. Va., plant, to go to the Bound Brook, N.]., plant of Bakelite, 


to be made into safety glass interlayer material. 
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A Membership in Things of Science 
is N 0 W open to you 


Our members are generous and complimentary. They like THINGS of science 
so much that they recommend friends for membership. We value this good fellow- 
ship feeling, but for the past six years it has been so difficult to get materials that 
we have not dared enter into a membership enlargement program. However, we 
are now able to offer membership to people who want to keep in step with the new 
in science. 


Just what does a membership in THINGS of science offer you? 


Once a month we will pack blue packages with actual objects of science, and 
mail them to you. They will be scientific objects that can be handled, experimented 
with, objects that can be felt, smelled, even sometimes tasted. 


We will pack these blue packages with scientific fun, with mental stimulation, 
with hours of absorption, with future hobbies, with knowledge; but specifically, we 
will pack them with THINGS of science. With these objects of science go sheets of 
explanatory comment, skillfully written by our scientist-writers so that reading 
them is easy. Experiments are suggested, using the science objects furnished. In 
addition, we include museum-style cards identifying each object. Many of our mem- 
bers make exhibits of the units, and for that reason the museum cards are useful. 


Things of science | New Member Priority 


To Science Service, 1719 N Street N. W., Washington 6, D. C. 


Exercising this priority, I apply for membership in THINGS 
of science. Please begin my membership with the current unit. 


For the $4.00 membership fee enclosed, I am to receive 12 


THINGS units, one each month for a year, — plus an extra gift 
unit to be mailed immediately. 


NAME 


ADDRESS . 
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